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INTRODUCTION 

Contemporary  materials  science  is  extensive  and  multi-disciplinary  field  of  knowledge,  which 
accumulates  the  progress  in  both  a  number  of  fundamental  sciences:  solid  state  physics,  physical 
chemistry,  mechanics  of  deformable  solids,  and  the  technology  in  the  broadest  sense  of  that  word. 
Enormous  and  continuously  increasing  worldwide  interest  to  the  science  of  materials  is  caused  by 
extraordinary  role  which  play  new  materials  in  technological  revolution  taking  place  before  our  eyes 
during  last  decades. 

In  XX  century,  especially  in  its  second  hal,f,  the  material  scientists  made  outstanding  progress 
together  with  technologists  in  discovering  and  developing  production  of  a  number  of  truly  unique 
materials.  Suffice  it  to  say  about  synthesis  under  high  pressure  a  diamond  and  cubic  boron  nitride, 
ferroelectrics  and  piezoelectrics,  supermagnets,  ultra-heat-resistant  and  radiation  stable  alloys, 
alloys  having  shape  memory,  metal  glasses,  quasicrystals,  high-temperature  superconductors, 
foamed  metals,  viscous  ceramics,  nanostructured  materials,  including  fullerenes  and  nanotubes, 
and  many  others.  It  became  real  high  technologies  for  production  materials  as  ultra-fine  powders, 
thin  films,  single  crystals,  directed  eutectics,  laminated  and  gradient  structures.  We  are  now  close 
to  directed  engineering  of  materials  with  specified  structure  and  necessary  set  of  properties. 

However,  XXI  century  presents  to  material  scientists  more  grandiose  problems.  The  requirements 
increase  abrupt  to  structural  materials  with  respect  to  their  strength,  work  temperatures,  ability  to 
perform  in  aggressive  media.  There  is  the  necessity  in  materials,  which  can  adapt  to  hazard,  often 
extreme  performance  conditions.  An  electronics  requires  superminiaturization  that  is  possible  only 
upon  development  super-conductors,  semi-conductors  and  dielectrics  of  new  generation.  The 
medicine  requires  materials  of  new  generation  with  principally  new  properties:  bio-compatibility  and 
bio-activity.  An  important  role  must  play  various  sensors,  which  respond  to  the  change  of  external 
conditions.  The  scientists  are  seriously  engaged  in  creating  "intelligent"  and  "smart"  materials. 

Present  conference  makes  it  its  aim  to  discuss  both  progress  in  contemporary  materials  science, 
and  those  problems  —  challenges,  which  have  to  be  solved  in  nearest  future. 

The  conference  topics  cover  wide  range  of  problems:  modeling  of  production  processes  and 
behavior  of  materials  under  various  conditions:  experiments  directed  to  obtaining  materials  with 
new  level  of  properties;  high  technologies;  new  testing  methods  and  material  characterization. 

With  respect  to  problems  under  discussion  and  number  of  participants  our  conference  is  one  of  the 
largest  materials-science  forums  which  have  been  held  at  the  beginnig  of  current  century  at  the 
territory  of  the  former  Soviet  Union. 

Of  course,  it  is  impossible  to  embrace  all  problems,  which  are  under  solution  in  contemporary 
materials  science.  Our  conference  is  devoted  mainly  to  up-to-date  inorganic  —  metal  and 
ceramic  —  materials  and  composites  base  on  them. 

I  hope  that  the  interest  to  that  conference  is  due  the  fact  that  it  is  dated  to  50th  anniversary  of  one 
of  the  largest  materials  science  center  in  Europe  —  the  Frantsevich  Institute  for  Problems  of 
Materials  Science  of  Ukraine  National  Academy  of  Sciences. 

The  most  important  papers  of  leading  Ukrainian  and  foreign  specialists,  which  cover  main 
conference  topics  are  collected  in  chapter  "plenary  sessions"  in  1st  volume  of  our  issue.  This 
volume  contains  also  the  materials  of  sections  "Fundamental  problems  of  materials  science"  and 
"Specific  technologies".  The  2nd  volume  include  materials  from  two  sections:  "Perspective 
materials  of  functional  and  structural  purposes:  possibilities  of  obtaining  new  level  properties"  and 
"Characterization  of  materials  properties".  The  materials  published  reflect  to  a  great  extent  the 
tendencies  in  development  contemporary  materials  science,  and  I  hope  will  be  discussed  with 
large  interest  at  conference. 
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I  would  like  to  express  my  sincere  gratitude  to  the  sponsors  of  our  conference,  which  financial 
support  allows  for  to  hold  conference  at  proper  level  and  to  publish  current  issue.  These  are: 
Ukraine  National  Academy  of  Sciences,  State  Administration  in  Kiev,  Science  and  Technology 
Center  in  Ukraine,  and  also  our  old  friends  and  colleagues  from  European  Office  of  Aerospace 
Research  and  Development  of  US  Air  Forces. 

We  also  appreciate  very  much  the  respected  materials  science  organizations,  EMRS  and  UIMRS, 
and  personally  their  managers  Dr.  Paul  Siffert  and  Dr.  P.GIasow  for  agreement  to  hold  conference 
under  patronage  of  those  organizations. 

In  conclusion  I  would  like  to  wish  the  conference  participants  great  success  in  work,  and  pleasant 
and  fruitful  way  of  spending  time  in  one  of  the  most  beautiful  European  cities  —  Kiev. 


V.  Skorokhod, 

Editor, 

Academician  of  Ukraine  National  Academy  of  Science, 

Chairman  of  Conference  Organizing  Committee, 

Director  of  Frantsevich  Institute  for  Problems  of  Materials  Science 
of  Ukraine  National  Academy  of  Science 
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MHCTHTyiy  npo6newi  MaiepnanoBefleHUfi 
mm.  M.H.<DpaH4eBM4a  HAH  YKpaMHb!  —  50  JieT 

fl.A.  JleBMHa,  Jl.A.  HepHbiLueB 


HcTopuR  HHCTmyTa  npo6neM  MaiepnanoBefleHUR  MHoroo6pa3Ha  m  cnoxoia.  K 
co>KaneHwo,  noKa  He  npoBeflena  pa6oia  no  ee  AOCTaTOHHO  nonHOMy  onMcaHMio  c  nonHOM 
M  oSbeKTMBHOM  OLjeHKOM  BCeX  Tex,  KTO  BHeC  BKJiafl  B  CTaHOBJieHMe  M  pa3BMTne 
1/lHCTMTyTa.  ABTopbi  stom  HeGojibLUoii  saMeTKM,  npopa6oiaBLUne  b  MHCTMTyie  6onee 
35  neT,  ocMenunMCb  flaTb  cboio  TpaKTOBKy  ero  TBopnecKoro  nyTM,  npeflCTaBMTb  cbom 
B3mR,q  Ha  Tex,  Hbe  mmr  HaBcerfla  6yfleT  BHeceHO  b  ero  neTonMCb.  Mbi  sto  flenaeM  flnn 
Toro,  HTo6bi  ynacTHUKM  HaweM  KOH(j)epeHL4MM  CMomu  npeflCTaBMTb  ce6e  tot  nyTb,  hto 
npoLuen  Haiu  MHCTMTyT.  Mbi  noHMMaeM,  hto  MoweT  6biTb  m  HecKonbKO  mhom  B3rrmfl  Ha 
Haiuy  MCTopmo,  paccTaBJieHbi  MHbie  aKLjeHTbi  m  BbifleneHbi  MHbie  flOMMHaHTbi  ero 
TBopnecKoro  pa3BMTMR.  Mbi  3apaHee  npuHOCMM  M3BMHeHMFi  TeM,  o  kom  Mbi  ynoMFmynM 
HeflocTaTOHHO  mtim  BOBce  He  ynoMRHynn.  06“beM  3Toro  MaTepwana  HeBenuK  m  060  Bcex 
CKa3aTb  ne  npeflCTaBunocb  B03M0>KHbiM.  \Ajbk,  b  nyTb. 

B  nocneBoeHHbie  roflbi  b  1/lHCTMTyTe  nepHOM  MeTannyprMM  AH  YCCP  cyiiiecTBOBan 
OTflen  Cf>M3MKO-XMMMM  MeTannypTMHeCKMX  npOLteCCOB,  KOTOpbIM  npOBOflMTI  pa3pa60TKH 
MaTepna/lOB  C  BbICOKMMM  nOKa3aTe/lRMM  XOpOCTOMKOCTM,  >KaponpOMHOCTM  M  3p03M0HH0M 
ctomkoctm  c  LiinpoKHM  Mcnonb30BaHMeM  MeTOflOB  nopoLUKOBOM  MeTannyprMM.  B 
1952rofly  Ha  ero  ocHOBe  6bma  opraHM30BaHa  Jla6opaTopnn  cneLjcnnaBOB,  OTKy^a  m 
BefleTcn  neTOMCHUcneHMe  UlHCTMTyTa.  B  1955  rofly  3Ta  J1a6opaTopnn  6bma 
peopraHM30BaHa  b  MHCTMTyT  MeTannoxepaMMKM  m  cnepcnnaBOB  AH  YCCP.  C  1965  rofla 
oh  hocmt  Ha3BaHwe  1/lHCTMTyT  npo6neM  MaTepwanoBefleHHR. 

OCHOBHbIMM  HanpaBneHMRMM  HayHHOM  AeRTenbHOCTH  1/lHCTMTyTa  RBTIRIOTCfl 
pa3pa6oTKa  HaynHbix  ochob  co3flaHnn  HOBbix  MaTepManoB  c  3aflaHHbiMM  CBOMCTBaMM  Ha 
6a3e  pe3ynbTaTOB  cfcyHAaMeHTanbHbix  MccneAOBaHMM  b  o6nacTM  c|3M3mkm  TBepAoro  Tena, 
4)M3MHecKoro  MaTepHanoBeAeHMR,  cf)M3MHecKOM  h  HeopraHMnecKOM  xmmmm,  MexaHMKM 
AecfcopMMpoBaHHoro  Tena;  CMHTe3  HOBbix  MeTannMMecKMX  cnnaBOB  m  TyronnaBKMX 
COeAHHeHMM,  HOBbix  nOpOLUKOBblX,  KOMn03M14l1OHHblX  M  KepaMMHeCKMX  MaTepwanOB, 
pa3pa6oTKa  HOBbix  m  ycoBepweHCTBOBaHMe  cymecTByioLLiHX  npoqeccoB  mx  npoM3BOACTBa 
m  cooTBeTCTByK)LL|ero  oGopyAOBaHMR,  pa3pa6oTKa  pa3Hoo6pa3Hbix  MaTepnanos  A-ns 
noKpbiTMM  m  npoMeccoB  o6pa6oTKM  m  coeAMHeHMR  MaTepnanoB. 

Oahmm  M3  ocHOBaTeneM  m  nepBbiM  AnpeicropoM  1/lHCTMTyTa  (ao  1973  r.)  6bin 
aKaAeMMK  AH  YKpaMHbi  \Abbh  Hmkmtmh  OpaHUieBMH  (1905-1985  rr.)  -  M3BecTHbiM  yneHbiM  b 
o6nacTM  c£>M3MMecKOM  m  HeopraHMnecKOM  xmmmm,  nopoLUKOBOM  MeTannyprMM  m  TBepAoro 
Tena,  nenoBeK  BbiAaioi-MUXcn  cnoco6HOCTeM,  SonbinoM  spyA^UHn  m  niMpoKoro  Kpyro3opa, 
MHoro  CAenaBLUMM  p,r\n  CTaHosneHMR  1/lHCTMTyTa  kbk  KpynHoro  MaTepManoBeAMecKoro 
LjeHTpa,  KOTopbiM  c  1985  roAa  hocmt  ero  mmr. 

noA  pyKOBOACTBOM  M.H.OpaHqeBMHa  6binM  co3AaHbi  m  BHeApeHbi  pa3HOo6pa3Hbie 
KOMno3MMMOHHbie  MaTepManbi  Ha  ocHOBe  nepHbix  m  MBeTHbix  MeTannos  m  TyronnaBKMX 
coeAMHeHMM,  ccjDopMynMpoBaHbi  nayHHbie  npMHAMnbi  a^^  paspa6oTKM  yAapocTOMKMX  m 
CBepXTBepAbIX  K0Mn03MMMM,  pa3pa0OTaHbl  MeTOAbl  3neKTp03aLL|MTbl  OT  K0PP03MM 
MarMCTpanbHbix  ra3onpoBOAOB.  B  1961  r.  no  MHMAMaTMBe  H.H.OpanAeBMMa  ocHOBaH 
HayMHbiM  >xypHan  “flopoLiiKOBan  MeTannyprMn",  KOTopbiM  RBnneTcn  oahmm  mx  HeMHorMx 
oTenecTBeHHbix  >KypHanoB,  KOTopbiM  nepeBOAHTcn  Ha  aHrnMMCKMM  R3biK  m  nonb3yeTcn 
nonynnpHOCTbio  sa  py6e>KOM.  3a  BbicoKMe  AOCTM>KeHMH  H.H.OpaHueBMHy  6binM 
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npncy>KfleHbi  rocyflapcTBeHHbie  npeMMM  CCCP  m  YxpaMHbi  m  npucBoeHo  caMoe  BbicoKoe 
no  TeM  BpewieHaM  3BaHne  Tepon  CoLjManMCTMHecKoro  Tpyfla. 

C  1973  r.  Ha  npoTnweHMM  28  neT  flHpeiaopoM  MHCTMTyTa  6bin  axaAeMMK  HAH 
YxpaMHbi  m  AH  CCCP  (BnocneflCTBUH  Poccmmckom  AH)  Bmcrop  MBaHOBMH  TpecfjMnoB 
(1931-2001  rr).  Oh  nBnneTcn  oahmm  H3  aBTopoB  pa3pa6oTKM  cfc>M3MHecKMX  ochob  Teopnn 
npoHHOCTM  h  nnacTi/iHHOCTU  TyronnaBKHX  MaTepManoB,  TeopMM  flecfjopMaMHOHHoro 
ynpoHHeHMR  n  pa3pyweHMn  nonMxpMCTannMHecKMx  MeianriHHecKHX  MaTepManoB. 
BnepBbie  b  MaiepnanoBefleHiin  B.l/I.Tpec|DMnoB  c  xonneraMM  pa3pa6oTann  ocHOBbi 
TexHonornH  npon3BOflCTBa  Tax  Ha3biBaeM0M  “b«3kom”  xepaMMKM  m  anMa3onoflo6Hbix 
xepaMMK.  B.M.Tpe4)nnoB  -  flBa>Kflbi  naypeaT  rocyflapcTBeHHOM  npeMMM  YKpaMHbi. 
B.H.TpecJjMJiOB  6bm  KpynHbiM  rocyflapcTBeHHbiM  flemeneM,  nneHOM  napnaivieHTOB  YCCP 
m  CCCP,  BML4e-npe3MAeHTOM  AH  YCCP.  Oh  BbicrynMn  MHMqMaTopoM  co3flaHMn  m 
pyKOBOflMTeneM  MHoroMMcneHHbix  HaqMOHanbHbix  m  Me>KAyHapoAHbix  nporpaMM, 
HanpaBneHHbix  Ha  oSecneneHMe  coBpeMeHHOM  tgxhmkm  hobnmm  MaTepManaMM  c 
He06X0AMMblMM  3KCnJiyaiai4MOHHblMM  xapaKTepMCTMKaMM. 

C  2001  roAa  HHCTMTyTOM  pyxoBOAMT  axaAeMMK  HAH  YKpaMHbi  BanepMM 
BnaAMMMpoBMH  CxopoxoA,  Hbn  AeRTeiibHocTb  nocBRLAeHa  pa3pa6oTKe  HayHHbix  ochob 
npoueccoB  nopoiuxoBOM  MeiannyprMM,  TeopMM  cf)M3MKO-MexaHMHecKMx  cbomctb 
MaiepManoB,  KOTopbie  M3roTaBJiMBaiOTCR  cnexaHMeM  nopoiuxoB,  b  cbr3m  c  mx  cTpyKTypofi 
m  TexHonomeM  M3roTOBneHMn.  Hm  co3AaHa  CTporan  xonMMecTBeHHan  TeopMn  npopeccoB 
AecjDopMMpoBaHMR  nopoiuKOBbix  MaTepManoB  npM  cnexaHMM,  rop?meM  npeccoBaHMM  m 
o6pa6oTKe  AasneHMeM,  Korapan  no3BonneT  ocyunecTBnnTb  MH>xeHepHbie  pacneibi 
onTMManbHbix  TexHonorMHecxMX  pe>KMMOB,  co3AaHbi  MeTOAbi  pacneTOB 
aneiaponpoBOAHocTM,  MOAyneM  ynpyrocTM,  cxopocTM  pacnpocTpaHeHMR  yjibTpa3ByxoBbix 
bojih  b  reTepocjDa3Hbtx  MaiepManax;  axcnepMMeHTanbHO  MccneAOBaHbi  m  TeopeTMHecxM 
oSOCHOBaHbl  pa3H006pa3Hbie  4)M3MKO-XMMMHeCKMe  MeTOAbi  aKTMBMpOBaHMR  M 
MHTeHCMC|DMKai4MM  npOLjeCCOB  BOCCTaHOBJieHMR  OKCMAOB  RBJIReTCR  MHMLJMaTOpOM  M 
McnonHMTeneM  pa6oi,  HanpaBneHHbix  Ha  C03A3HMe  HOBbix  xepaMMnecKMX  MaiepManoB,  b 
nacTHOCTM,  xepaMMK  Ha  ocHOBe  MHTepMeiannMAOB,  HaHOCTpyiaypHOM  xepaMMKM  Ha 
ocHOBe  HMTpMAa  m  TMTaHaia  6opa.  B.B. CxopoxoA  RBnneTCH  oahmm  m3  BeAyuiMx 
cneMManMCTOB  b  o6nacTM  MccneAOBaHMM  m  pa3pa6oTKM  cfDyHKUMOHanbHbix  MaiepManoB,  b 
T.M.  TMAPMAHblX  M  C  naMRTblO  CjDOpMbl. 

3Aecb  Mbi  CHMTaeM  ywecTHbiM  BcnoMHMTb  Tex,  kto,  6yAyHM  nneHOM  pyxoBOACTBa 
HHCTMTyTa  b  TeHeHMe  npoweALUMx  neT,  BHec  cymecTBeHHbiM  B«naA  b  ero  pa3BMTMe  (k 
co>xaneHMK),  mhotmx  m3  hmx  y>xe  hct  cpeAM  Hac).  3to  r.B.CaMCOHOB,  B.H.EpeMeHKO, 
M.M.OeAopneHKO,  A.H.IlMnnHKeBMM,  B.H.KnMMeHxo,  JlO.KonecHMMeHKO,  JlA.no3HRK, 
B.P.BpaHLieBMM,  EB.McaxaHOB,  B.I/I.KoenaK,  A.I/I.PaMMeHxo,  M.fl.CMHnBCKan,  r.r.CepAiOK, 

A. B.riaycTOBCKMM. 

B  1/lHCTMTyTe  pa6oTanM  TaxMe  BbiAaioiuiMecn  yneHbie,  xax  r.B.CaMCOHOB  - 
4)M3MKo-XMMMHecKoe  MaTepManoBeAeHMe  TyronnaBKMx  coeAMHeHMM;  M.M.OeAopneHKo  - 
MaTepManoBeAeHMe  nopoiuxoBbix  MaTepnanoB  m  nopouixoBbie  TexHonorMM; 

B. H.EpeMeHKO  -  4>m3mko-xmmmr  HeopraHMnecKMx  MaTepManoB;  r.C.riMcapeHKO  (oamh  m3 
ocHOBaTeneM  HI1M,  b  AatibHeMUjeM  Ha  ocHOBe  OTAena  1/II1M  opraHM30Ban  MHCTMTyT 
npo6neM  npoMHocTM  HAH  YKpaMHbi)  -  npoOneMbi  npoMHOCTM  MaTepManoB;  M.n.Ap6y30B  - 
CTpyicrypHbie  MecneAOBaHMa  MaTepManoB;  A.H.flMnnHKeBMM  -  pa3pa6oTKa  coBpeMeHHbix 
MeTOAOB  CTpyiaypHoro  aHanM3a  MaTepManoB,  b  t.h.  CBepxTBepAbix  xepaMMK; 

C. r.TpecBflTCKMM  -  MaTepManoBeAeHMe  oxcMAHbix  MaTepManoB;  r.A.BMHorpaAOB  - 
nepeAOBan  TexHonorMn  npoxaTKM  nopowKOB;  1/l.fl.PaAOMbicenbcxMM  -  pa3pa6oTxa  m 
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peajiM3aL(Hfl  HOBbix  MaiepManoB  m  TexHonorMM  nopowKOBOM  MeiannyprMM  b 
npoMbiLimeHHOCTu;  D.C.KMcnbiM  m  T.fl.KoconanoBa  -  4)M3mko-xmmmr  m  TexHonomn 
TyronnaBKMX  coeAMHeHMM;  fl.M.KapnnHoc  -  pa3pa6oTKa  m  BHeflpeHne  HOBbix 
KOMno3Mi4MOHHbix  MaiepManoB. 

Cewnac  b  1/lHCTMTyie  TpyAMTcn  TBopMecKMM  KonneKTMB,  b  cociaBe  KOToporo 
2  axafleMUKa,  8  MJieHOB-KoppecnoHfleHTOB  HAH  YKpanHbi,  69  floiaopoB  m  okojio 
300  KaHflMflaTOB  Hayx.  UJupoKO  n3BecTHbi  b  MMpe  nayMHbie  Tpyflbi  aKiMBHO  pa6oTatoii|MX 
ceroflhm  yneHbix  -  M.fl.rrmHHyK  (4>a30Bbie  npeBpauueHMn  b  cemeToaneKTpuKax, 
paAnocneicrpocKonuR  TBepAoro  Tena,  leopMn  HeynopnAoneHHbix  cemeioaneKTpMKOB), 
r.r.rHecMHa  (MCcneAOBaHMn  mnpoKoro  KJiacca  KepaMMHecKMX  MaiepManoB,  pa3pa6oTKa 
M3HOCO-  m  yflapocTOMKMx  MaiepManoB  Ha  mx  ocHOBe),  A.r.KocTopHOBa  (MCcneflOBaHMa 
CTpyKTypbl  M  CBOMCTB  MaiepManOB,  M3rOTOBJieHHblX  MeTOflaMM  HOpOLUKOBOM  MeTanyprMM, 
C03flaHMe  nopOLLIKOBblX  M  BOJlOKOHHblX  MaTepMaHOB  LUMpOKOrO  Ha3HaMeHMR), 
A.B.KypflioMOBa  (cipyKTypHbie  MCcneAOBaHMn  LUMpoKoro  KJiacca  MaTepManoB,  co3flaHMe 
MaiepManoB  Ha  ocHOBe  <£a3  Bbicoxoro  flaBJieHMfi),  lO.B.MMnbMaHa  (pa3pa6oTKM  b 
o6nacTM  TeopMM  TepMoaKTMBaLjMOHHbix  npoqeccoB  Aecj3opMai|MM,  MaiepManoBeAeHMH 
TyronnaBKMX  MeiannoB,  cnnaBOB  Ha  ochobo  anioMMHMfl,  aMopcfrHbix  m 
KBa3MKpMdarinMHecKMX  MaiepManoB),  KD.B.HaMAMHa  (MCcneAOBaHMn  b  o6nacTM 
KanMJUlRpHblX  flBJieHMM,  aAre3MM  M  CMaHMBaHMfl,  C}DM3MKO-XMMMMeCKMe  OCHOBbl  C03A3HMfl 
K0Mn03Mi4M0HHbix  MaiepManoB,  pa3pa6oTKa  TexHonorMM  nai/iKM  pa3HopoAHbix 

I  MaiepManoB),  JlA.["lo3HflKa  (MCcneAOBaHMH  b  o6nacTM  MeianypraHecKMX  npoueccoB, 
i  pa3pa6oTKM  BbicoKonpowHbix  m  MHCTpyMeHTanbHbix  CTaneM),  K.fl.ToBcnoKa 
(MCcneAOBaHMR  npoueccoB  MHTepKanflL|MM  nonynpoBOAHMKOBbix  MaiepManoB, 

pa3pa60TKM  MaTepManOB  AJ™  HOBbiX  BblC0K03C|)C|DeKTMBHMX  MCTOHHMKOB  TOKa  M 
BbICOKOeMKOCTHbIX  KOHASHCaTOpOB),  C.A.OMpCTOBa  (M3yMeHMe  rpaHMHHO  ynpOHHeHHbIX 
|  MaiepManoB  m  MaiepManoB  c  BbicoxoM  yAeJibHOM  npoHHOCTbio  m  wecTKOCTbio, 

I  cTpyKTypHbiM  aHanM3  MaiepManoB  m  MMKpoMexaHM3MOB  nnacTMHHOCTM  m  pa3pymeHM5i). 

BnaroAapp  paOoiaM  yneHbix  l/lHCTMiyia  co3AaHbi  BceMMpHO  M3BecTHbie  HayMHbie 
niKonbi,  KOTopbie  nnoAOTBopHO  pa3BMBaiOTcn. 

CpeAM  HaM6onee  Ba>KHbix  pa6oi,  BbinonHeHHbix  b  WHCTMTyie,  Heo6xoAMMO 
OTMeTMTb  pa3pa6oTKy  TeopeTMnecKMX  ochob  npoqeccoB  nopoiiiKOBOM  MeiannyprMM  m 
C03A3HMe  nopOLLIKOBblX  M  K0Mn03ML(M0HHblX  MaiepManoB  pa3HOrO  HaSHaHeHMH.  Ba>KHOe 
3HaHeHMe  MMeiOT  C}DM3MKO-XMMMHeCKMe  MCCneAOBaHMfl  B3aMMOAeMCTBM5=l  >KMAKMX  cfc>a3  c 
TBepAbIMM  nOBepXHOCTRMM,  KanMnnnpHbIX  CBOMCTB  M  KOHiaKTHblX  HBneHMM,  4)a30BblX 
paBHOBecMM  m  TepMOAMHaMMKM  MeiannMHecKMX  cnnaBOB  m  TyronnaBKMX  coeAMHeHMM; 
pa3pa6oiaHHan  b  MHCiMTyie  TeopMR  nnacTMHecKOM  AecjDopMaMMM  m  pa3pymeHMn 
TyronnaBKMX  MaiepManoB  no3Bonaei  CBR3aTb  MexaHnnecKMe  CBOMCTBa  c  peanbHOM 
KpMdannMHecKOM  cipyxiypoM.  B  MMpe  xopoino  M3BeciHbi  pa6oibi  coTpyAHMKOB 
HHCTMTyia  no  MaiepManoBeAeHMio  nopoLUKOBbix  MeiannoB,  cnnaBOB,  nceBAocnnaBOB, 
MHTepMeiannMAOB,  TyronnaBKMX  coeAMHeHMM,  cnoMdbix  cipyKTyp,  MaiepManoB  Ha 
ocHoee  yrnepoAa,  BiopAMTonoAo6Horo  hmtpmab  6opa. 

no  3aKa33M  HapoAHoro  xo3RMCTBa  co3Aanb!  MaiepManb!  a^^  hobom  TexHMKM  - 
KOHcipyKMMOHHbie  (xaponpoMHbie  m  wapocTOMKMe),  aneKTpoiexHMHecKMe,  (KOHTaKTHbie  m 
sneicrpoAHbie),  a^h  tohko-  Ta  ToncTonneHOHHOM  aneKTpoHMKM,  MHdpyMeHTanbHbie  (b  t.h. 
yAapocTOMKMM  CBepxTBepAbiM  reKcaHMT-P),  nopMCTbie  npoHMMaeMbie  MeiannMMecKMe, 
KepaMMHecKMe  m  nonMMepHbie  Maiepnanbi  M3  nopoLUKOB  m  BonoKOH  A-na  cjDMnbipapMM  m 
KanMnnnpHoro  TpaHcnopia,  nonynpoBOAHMKOBbie  Maiepnanbi  f\nn  Mcnonb30BaHnn  b 
BbICOKOeMKOCTHbIX  HaKOHMTennX  OHeprMM,  CfDOTO-  M  TepMOaneKTpMMeCKMX 
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npeo6pa30BaTenfix  conHeHHOM  SHeprMM;  pa3pa6oTaHbi  TexHonornn  m  o6opy,qoBaHne  fl/ia 
3neKTpoapo3noHHoro  ynpoMHeHna  ASTaneM  m  MHCTpyMeHTa,  pa3pa6oTaHbi 
TexHOJiornMecKne  cxeMbi  ropaneM  o6pa6oTKM  nopouiKOBbix  MaTepnanoB  m  nonyneHMe 
SKOHOMHO-nernpoBaHHbix  CTanew  c  Mcnonb30BaHMeM  nopouiKOBOM  npoBonoKM  m 
MHoroe  APyroe. 

HapflAy  c  aKTMBHOM  HayHHOM  Ae^TenbHOCTbio  Mhctmt^  Ha  npoTR>KeHMM  Bcero 
nepMOAa  CBoero  cymecTBOBaHMR  npoBOAM/i  MHTeHCMBHyio  HayHHO-opraHH3auMOHHyio  m 
KoopAHHaMMOHHyio  paSoTy.  B  TeneHMe  6ojiee  10  neT  MHCTMTyT  6bin  ronoBHoii 
opraHH3aL4neii  b  CCCP,  KOTopaa  KoopAMHMpoBana  HayaHyio  m  HayMHO-TexHMHecKyio 
AeflTenbHOCTb  b  o6nacTM  nopowKOBOM  MeTannyprMM.  Mm  6bmn  MHULinnpoBaHbi 
npaBmejibCTBeHHbie  nocTaHOBneHMa,  KOTopbie  b  3HaHMTenbHOM  Mepe  cnoco6cTBOBann 
pa3BHTM»o  HayKH  m  npoMbiiiineHHOCTM  nopoiiiKOBOM  MeiannyprMH  b  YxpaMHe  m  b  APyrwx 
pecny6nnKax  CCCP.  flr ia  ynyHiueHMa  xoopAMHaLtMM  pa6oi  b  stom  oOnacTH  m  ycxopeHMR 
peann3aMMM  HayaHbix  pa3pa6oTOK  b  npoMbiumeHHOCTM  Ha  6a3e  MI1M  6bin  co3AaH 
Me>KOTpacneBOM  HayaHO-TexHMHecKMM  KOMnnexc  (MHTK)  “riopoLUKOBaa  MeTannyprMa”, 
rapo  KOToporo  cocTaBMfiM  co6cTBeHHo  MHCTMTyT,  ero  oco6oe  KOHdpyKTopcKoe  6topo, 
MHCjDOpMaqMOHHO-BbmMCmiTenbHblM  LieHTp  M  OnbITHOe  fipOH3BOACTBO .  B  A®aTeJlbHOCTM 
MHTK  npHHHManw  ynacTue  okojio  20  KpyriHbix  MHCTMTyroB,  npoeKTHbtx  opraHM3ai4MM  m 
npeAnpHRTMH  CCCP.  B  1990  roAy  b  MHTK  “nopouiKOBaa  MeTannyprMa”  pa6oTan 
KoniieKTHB  M3  4500  MenoBex,  ycMnna  KOToporo  6binM  HanpaBneHbi  Ha  pa3BMTMe 
cfcyHAaMeHTanbHbix  MaiepManoBeAHecKMX  MecneAOBaHMM  m  BHeApeHMe  HOBbix 
MaTepManoB  m  TexHonorMM  b  nepeAOBbie  o6nacTM  HapoAHoro  xo3aMCTBa  -  npeqM3MOHHoe 
MaiiiMHOCTpoeHMe,  aneiapoHMKy,  SHepreTMKy,  aBMaLjMOHHyio  m  KOCMMnecKyio  TexHMKy, 
H33eMHbiM  TpaHcnopT  m  AP-  MHoro  pa6oT  MHCTMTyT  BbinonHRn  no  BoeHHbiM  3aKa3aM,  MeM 
cnoco6cTBOBan  yKpenneHMio  o6opoHocnoco6HOCTM  CTpaHbi.  flocTMweHMa  MHCTMTyTa 
3acny>KMnM  BbicoKMX  npaBMTenbCTBeHHbix  otjimhmm. 

M.H.OpaHLjeBMM,  B.M.TpecJwnoB,  fl.M.KapnMHOc,  KD.Jl.riMnMnoBCKMM  m  Jl.A.flo3HRK 
c  coTpyAHMKaMM  6binM  OTMeneHbi  r ocyAapcTBeHHbiMM  npeMMRMM  CCCP  m  YCCP. 

TocyAapcTBeHHbie  npeMMM  YCCP  m  YxpaMHbi  6binM  npMcy>KAeHbi  Taioxe  tbkmm 
BeAyLMMM  yneHbiM  MHCTMTyTa,  xax  B.B.Ckopoxoa,  A.H.riMnaHKeBMM,  r.B.CaMCOHOB, 
B.H.EpeMeHKO,  M.M.OeAopaeHKo,  M.fl.PaAOMbicenbCKMM,  fO.B.HaMAMM, 

M.C.KoBanbHeHKo,  KD.B.MM/ibMaH,  A.r.KocTopHOB,  M.fl.TnMHMyK,  K.A.Tobctiok, 

A. B.riaycTOBCKMM,  M.B.TpMAHeBa,  M.A.JIaBpMHeHKO,  r.M.JlyKaiueHKO,  T.RKoconanoBa, 

B. fl.KoBanraK,  B.RIleTpoBCKMM,  B.B.naHMHKMHa,  JTH.TynbHMHCKMM,  r.B.ilaiiiKapeB, 
r.r.rHecMH,  B.X.KaAbipoB,  B.r.TKaneHKO,  T.B.fly6oBMK,  Jl.A.flBopMHa,  r.r.KapiOK, 
B.H.BynaHOB,  B.M.KpaaeK,  B.H.KnMMeHKO,  A.C.Bonrap  m  AP- 

MnorMe  coTpyAHMKM  MHCTMTyTa  yAOCToeHbi  3B3hmr  naypeaTOB  npeMMM  MMeHM 
BbiAaHDLAMXcn  yneHbix. 

MHCTMTyT  6bin  Harpa>KAeH  Opashom  TpyAOBoro  KpacHoro  3HaMeHM,  HeoAHOKpaTHO 
3aBoeBbiBan  nepexoAHiAee  KpacHoe  3HaMR  LJK  KflCC,  CoBeTa  Mmhmctpob,  BL^CnC  m  U,K 
BJ1KCM,  hto  b  80-x  roAax  b  CCCP  6bino  oahom  m3  HaM6onee  npecTM>KHbix  OLjeHOK 
AeRTenbHOCTM  opraHM3aqMM. 

B  3tm  >xe  roAbi  MHCTMTyT  B03rnaBMn  ABa  HanpaBJieHMR  KoMnnexcHOM  nporpaMMbi 
HayHHO-TexHMMecKoro  coTpyAHMHecTBa  erpaH-nneHOB  CoBeTa  3«0H0MMHecK0M 
B3aMMonoMOLAM  (Kn  HTn  C3B)  -  “riopoLUKOBaa  MeTannyprMa”  m  “TexHMHecKaa 
KepaMMKa”.  BbinM  pa3pa6oTaHbi  m  ycnemHO  BbinonHanMCb  nnaHbi  no  stmm  HanpaBJieHMRM 
nporpaMMbi,  ynacTHMKaMM  KOTopbix  6biiiM  6onee  60  opraHM3ai4MM  M3  8  CTpaH. 

K  co>KajieHMio,  ceroAHR  MHCTMTyT  nepe>KMBaeT  He  nymuMe  cbom  BpeMeHa: 


vm 


50th  ANNIVERSARY  OF  IPMS 


HeflOCTaTOHHoe  cjouiHaHCwpoBaHMe  uccneflOBaHUM,  npaicniHecKM  no/iHoe  OTcyTCTBMe 
3aKa30B  ot  npoMbiiuneHHOCTM,  ycTapeBiiiee  HayMHoe  m  TexHonornnecKoe  o6opyflOBaHne, 
ottok  HayHHbix  KaflpoB,  OTcyTCTBue  nocTynneHMM  b  6n6nnoieKM  HayHHbix  MOHorpacfiMM  m 
nepnoflMHecKMX  M3flaHMM,  OTcyTCTBue  cpeflCTB  Ha  HayHHbie  KOMaHfli/ipoBKM,  hh3K3r 
3apa6oTHaR  nnaia,  njioxne  ycnoBMR  6bua  1/1  Tpyfla  yneHbix-  Bee  sto  He  cnoco6cTByeT 
pa3BHTMKD  MX  TBOpHeCKOM  aKTMBHOCTM.  TeM  He  MeHee  COTpyflHMKM  MHCTHTyTa  HCnOJlb3yiOT 
Bee  bo3 m o>kh o cth  flnR  nonyHeHMH  cpe,qcTB  flrifl  npoBefleHHR  MccneflOBaHHPi.  CpeflM  hmx 
ynacTwe  b  BbinoriHeHMM  KOHKypcHbix  pa6oT  no  npi/iopmeTHOMy  ajir  YKpaMHbi 
HanpaBJieHmo  “HoBbie  BemecTBa  m  MaTepnanbi”,  no  TeiviaTMKe,  KOTopan  noflflepwMBaeTCR 
HapHOHanbHbiM  c|DOHflOM  4)yHflaMeHTaribHbix  MccneflOBaHMM,  no  eBponeMCKMM 
nporpaMMaM  INTAS,  INCO  COPERNICUS,  nporpaMMaM  NATO  ,  CRDF,  rpam-aMW 
HayMHO-TexHonorMMecKoro  AeHTpa  b  YxpaMHe  m  T.n..  B  stm  HenpocTbie  roflbi  MHCTmyT 
CTapaeTCR  noflqepjKMBaTb  cbr3m  c  MHOCTpaHHbiMM  ynenbiMM  m  cnei4nanncTaMM, 
CHCTeMaTMHecKM  npoBOfla  Me>KflyHapoflHbie  KOHcjDepeHLjMH  m  ceMHHapbi  no 
MaTepnariOBeflHecKOM  TeMaTHKe.  Mhoto  3Heprnn  flnn  noflflep>KKn  HayHHbix  HanpaBneHMM 
flemejibHOCTM  MHCTHTyia  OTflaeT  flMpeicrop  MflM  B.B.CKopoxofl  m  ero  3aMecTMTenn  no 
HayHHoPi  pa6oie  A.r.KocTopHOB,  A.B.Paryna,  C.A.Ompctob,  yneHbm  cexpeTapb 
B.B.KapTy30B.  Xotr  m  He  b  TaKOM  cieneHH,  KaK  6bmo  6bi  we/iaTe/ubHO,  b  1/lHCTHTyTe  MfleT 
OMonox<eHMe  HayHHbix  Ka,qpoB.  npnxoflRT  Ha  pa6oiy  BbinycKHMKM  By30B,  KOJin  eKTMB 
nonojiHReTCfl  acniipaHTaMH. 

fla,  HaM  cewHac  TpyflHo.  Ho  HaM  yflanocb  coxpaHmb  HayHHbie  LUKonbi,  m  nosToiviy 
Mbi  cmotphm  b  Syflymee  c  onTHMM3MOM.  KpoMe  Toro,  flo6aBnaeT  onTHMH3Ma  Bepa  b  to, 
hto  Hayxa  b  HameM  cTpaHe  cHOBa  ciaHeT  BOdpeGoBaHHOM,  a  npoMbimneHHocTM  ciaHyT 
Heo6xoAMMbi  HOBbie  MaTepwanbi,  6e3  KOTopbix  HeB03M0>KH0  co3flaBaTb  TexHMKy 
6yflymero. 

Otot  TeKCT  Mbi  HanwcajiM  Ha  Tpex  R3biKax.  H  cflenanM  sto  c  onpefleneHHbiM 
yMbicnoM.  Oto  cmmbojimhho.  Ham  HHCTMTyT  bo3hmk  m  pa3BHBancn  b  CTpaHe,  rfle 
oc^miHanbHbiM  83biKOM  6bin  pyccKMM,  cePiHac  Ham  rocyflapcTBeHHbiM  R3biK  -  yKpawHCKHM. 
Mbi  HanwcanM  Taioxe  Ha  aHirmPicKOM,  noTOMy  hto  Mbi  ycTpeMneHbi  b  MiipoBoe  HayHHoe 
coo6mecTBO  h  HafleeMca  h3mtm  TaM  CBoe  MecTO. 
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iHCTMTyry  npoSneM  MaTepiano3HaBCTBa 
iM.  I.M.cppaHMeBMHa  HAH  Ynpamii  -  50  poniB 

fl.A.  JleBiHa,  Jl.l.  HepHumeB 


IcTopia  IncTHTyTy  npo6neM  MaTepiano3HaBCTBa  pi3HOMaHiTHa  Ta  cicnaflHa.  Ha 
>Kanb,  noKM  He  npoBefleHa  po6oia  3  n  noBHoro  onMcy,  rk mm  6m  mIctmb  noBHy  Ta 
o6’eKTMBHy  OL4iHKy  Bcix  TMX,  XTO  BHiC  BHeCOK  flO  CTaHOBJieHHR  Ta  p03BMTKy  IHCTMTyry. 
Abtopm  Mboro  HeBenMKoro  flonncy,  RKi  nponpaqioBanM  b  iHCTMTyTi  6inbLue  3a  35  poxiB, 
HacMinMTiMCR  flaTM  CBOG  TnyManeHHR  Moro  TBopnoro  LunRxy  Ta  cBiM  nornRfl  Ha  tmx,  hmc 
iM’n  Ha3aB>KflM  6yfle  BHeceHe  flo  Moro  niTonMcy.  Mm  qe  po6mmo  ajir  Toro,  Lqo6  ynacHMKM 
Harnoi  KOHc^epeHqii  3MomM  6  yRBMTM  tom  lutirx,  Lqo  npoMiuoB  Haiu  iHCTMTyT.  Mm 
po3yMieMO,  iqo  MO>Ke  icHyBaTM  flexiribKa  iHUJMM  nomflfl  Ha  icTopiio  iHCTMTyTy,  po3noAinem 
iHiui  HaronocM  Ta  BMAineHi  iHLui  AOMiHaHTM  Moro  TBopMoro  po3BMTKy.  Mm  3a3AaneriAb 
npocMMO  BMSaMeHHR  y  tmx,  npo  xoro  mm  3raAanM  HeAOCTaTHbo  a6o  3obcIm  He  3raAanM. 
06car  qboro  MaTepiany  HeBenMKMM  i  TOMy  npo  Bcix  CK33aTM  npocTO  He  6yno  moxuimbmm. 
OiTKe,  b  Aopory. 

B  noBoeHHi  poKM  b  IHCTMTyTi  HopHOi  MeTanyprii'  AH  YPCP  a!bb  BiAAifl  <t>i3MKO-xiMii 
MeTanypriMHMX  npoqeciB,  rkmm  iipoboamb  po3po6KM  MaTepianiB  3  bmcokmmm  noKa3HMK3MM 
JKapOCTiMKOCTi,  >KapOTpMBKOCTi  Ta  ep03iMH0l  CTMKOCTi  3  LUMpOKMM  3aCTOCyBaHHRM  MeTOAiB 
nopoLUKOBOi  MeTanyprii.  B  1952  poqi  Ha  Moro  ocHOBi  6yna  opraHi30BaHa  Jla6opaTopia 
cneqcnnaBiB,  BiA  rkoi  BeAeTbCR  poAOBiA  IHCTMTyTy.  B  1955  p.  qn  Jla6opaTopiR  6yna 
peopraHi30BaHa  b  IHCTMTyT  MeTanoKepaMiKM  Ta  cneqcnnaBiB.  3  1965  p.  BiH  HOCMTb  Ha3By 
IHCTMTyT  npo6neM  MaTepiano3HaBCTBa. 

OCHOBHMMM  HanpRM3MM  HayKOBOl  AIBJIbHOCTi  IHCTMTyTy  e  p03po6Ka  HayKOBMX 
3acaA  CTBopeHHR  hobmx  MaTepianiB  i3  33abhmmm  BnacTMBOCTRMM  Ha  6a3i  pe3ynbTaTiB 
cfiyHAaMeHTanbHMX  AOcniA>KeHb  y  rany3RX  (J)i3MKM  TBepAoro  Tina,  4)i3MHHoro 
MaTepiano3HaBCTBa,  (J)i3MHHoT  Ta  HeopraHMHOi  xiMii',  MexaHiKM  Ae^opwoBaHoro  Tina; 
cMHTe3  hobmx  MeTaneBMX  cnnaBiB  i  TyronnaBKMx  cnonyK,  hobmx  noponiKOBMx, 
KOMno3MqiMHMx  i  KepaMNHMx  MaTepianiB;  po3po6Ka  hobmx  i  BAOCKOHaneHHR  icHyioHMX 
npoqeciB  Tx  BMpo6HMqTBa  i  BiAnoBiAHoro  ycTaTKyBaHHR;  po3po6Ka  HMcneHHMX  MaTepianiB 
Ann  noKpMTriB  Ta  npoqeciB  3’eAHaHHR  MaTepianiB,  b  TOMy  HMcni  3  TennocjDbMHHMMM  Ta 
XiMiHHMMM  BnaCTMBOCTRMM,  iqo  3H3HH0  BiApi3HRK)TbCR  OAHi  BiA  APyrMX. 

Oahmm  3  3acHOBHMKiB  Ta  nepujMM  AnpeKTopoM  IHCTMTyTy  (ao  1973  p.)  6yB 
axaAeMiK  AH  YKpaiHM  iBaH  Mmkmtobmm  OpaHqeBMH  (1905-1985  pp.)  -  bIaommm  BneHMM  b 
rany3i  4>i3MHHoT  Ta  HeopramMHOi'  xiMii,  noponiKOBOi  MeTanyprii  Ta  TBepAoro  Tina,  nioAMHa 
BMAaTHMX  3Ai6HOCTeM,  Ben m koT  epyAMqii'  Ta  iiJMpoKoro  Kpyro3opy,  6araTo  3Po6mbujmm  a^r 
CTaHOBneHHR  IHCTMTyTy  rk  KpynHoro  MaTepiano3HaBHoro  qeHTpy.  fliA  KepiBHMqTBOM 
I.M.  OpaHqeBMna  6ynn  CTBopeHi  Ta  3anpoBaA>KeHi  y  jkmttr  MMcneHHi  KOMno3MqiMHi 
MaTepianM  Ha  ochob!  mophmx  i  KonbopoBMx  MeTaniB  Ta  TyronnaBKMx  cnonyK,  CTBopeHi 
HayKOBi  niACTaBM  abr  po3po6KM  yAapocTiMKMX  Ta  HaATBepAMX  KOMno3MqiM,  po3po6neHi 
MeTOAM  eneKTpo3axMCTy  BiA  Kopo3i'i  MaricTpanbHMX  ra3onpoBOAiB.  Y  1961  p.  3a 
iHiqiaTMBOio  I.M.  OpaHqeBMHa  3acHOBaHO  HayKOBMM  >KypHan  “flopoujKOBa  MeTanypriR”, 
oamh  3  He6araTbox  yKpa'mcbKMX  HayKOBMX  >KypHaniB,  rkmm  nepeicnaAaeTbCR  Ha  aHrniMCbKy 
i  KopMCTyeTbCR  BenMKOio  nonynRpHicTio  3a  kopaohom.  3a  bmcokI  AOCRmeHHR 
I.M.  OpaHqeBMHy  6yna  npMcyA>KeHi  flepwaBHi  npeMi'i  CPCP  i  YKpaiHM  Ta  npMCBOCHe 
naMBMiqe  3a  tmx  naciB  3B3hhr  Tepon  CoqianicTMMHOi  ripaqi.  HMHi  IHCTMTyT  HOCMTb 
Moro  iM’R. 
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3  1973  Ha  npoTR3i  28  poKiB  flMpeKTopoM  iHCTmyTy  6yB  arafleMiK  HAH  YKpai'HM  Ta 
PAH  Biicrop  iBaHOBHH  TpecjoinoB  (1930-2001  pp.).  BiH  e  oahmm  3  aBTopiB  po3po6KM 
cjDi3HHHHx  ochob  Teopi'f  MitjHOCTi  Ta  nnacTMHHOCTi  TyronnaBKHX  MaTepianiB,  Teopi'f 
AecfcopMauiiMHoro  3Mii4HeHHR  Ta  pywHyBaHHR  noniKpMCTaniHHMx  MeTaneBMX  MaTepianiB. 
Bnepiue  b  waTepiano3HaBCTBi  B.l.  TpecfeinoB  3  KoneraMM  po3po6nnn  ochobm  TexHonorii' 
Bnpo6HMi4TBa  TaK  3BaHOi‘  “b’r3koi”  KepaMiKM  Ta  anMa3onofli6HMX  KepaMiK.  B.l.  TpecfcinoB  - 
flBini  naypeaT  flepwaBHof  npeMi'f  YKpai'HM.  BiH  6yB  imfliaTopoM  CTBopeHHR  Ta  KepiBHMKOM 
HMC/ieHHMX  HaqioHanbHMX  Ta  MiwHapoflHMx  nporpaM,  cnpnMOBaHMx  Ha  3a6e3neMeHHR 
HOBiTHbOi'  TexHiKH  cynacHMMM  MaTepianaMM  3  Heo6xiflHMMM  eKcnjiyaTaLiiiiHMMM 
xapaKTepi/icTMKaMH. 

3  2001  poKy  iHCTHTyTOM  Kepye  aKafleMiK  HAH  YKpai'HM  BanepiM  BonoflMMnpoBHH 
CKOpOXOfl,  MMR  fliflJlbHiCTb  FipMCBflHeHa  p03po6fli  HayKOBHX  OCHOB  npOMeciB  nOpOLUKOBO'f 
MeTanyprif,  Teopii'  4)i3HKO-MexaHiMHHx  BnacTMBOCTeM  MaTepianiB,  1140  BMroTOBnioioTbCfl 
cniKaHHRM  nopoiiiKiB,  b  3B’R3Ky  3  Tx  CTpyicrypoK)  Ta  TexHonorieio  Bnpo6neHHR.  Hum 
cTBopeHa  CTpora  KinbKicHa  Teopin  npoLjeciB  flecfjopMyBaHHR  noponiKOBi/ix  MaTepianiB  npn 
cniKaHHi,  rapnnoMy  npecyBaHHi  Ta  o6po6Mi  tmckom,  RKa  fl03Bonne  3fliMCHK>BaTM  iH>KeHepHi 
po3paxyHKH  TexHonoriHHHX  pe>KMMiB,  HeoOxiflHHX  flnn  flocnrHeHHR  3aflaHoi  rycTMHM  Ta 
cTpyicrypH  MaTepiany,  CTBopem  MeTOflM  po3paxyHKiB  eneKTponpoBiflHOCTi,  MOflyniB 
npy>KHOCTi,  LUBHflKOCTi  noLUHpeHHR  ynbTpa3ByKOBHx  XBHnb  b  reTepoc|Da3HHx  MaTepianax; 
eKcnepMMeHTanbHO  flocnifl>KeHi  Ta  TeopeTMHHO  o6r1pyHTOBaHi  pi3HOManiTHi  c}Di3HKO-xiMiMHi 
MeTOflH  aKTMByBaHHR  Ta  iHTeHCwc|DiKaMiT  npofleciB  BiflHOBneHHn  oKCHfliB  MeTaniB  3  MeTOio 
oflepwaHHA  BHcoKOflMcnepcHMX  nopoLUKiB.  BiH  e  imfliaTopoM  Ta  BMKOHaBqeM  po6iT, 
cnpnMOBaHMX  Ha  cTBopeHHn  hobmx  KepaMNHMX  MaTepianiB,  30KpeMa  KepaMiKM  Ha  ocHOBi 
iHTepMeTanifliB,  HaHOCTpyicrypHoi'  KepaMiKM  Ha  ocHOBi  HiTpMfly  Ta  TMTaHaTy  6opy. 
B.B.  Crapoxofl  e  oahmm  3  npoBiflHMX  cneflianicTiB  b  rany3i  flocnifl>KeHb  Ta  po3po6KM 
cjDyHKflioHanbHMX  MaTepianiB,  b  t.h.  riflpMflHMX  Ta  3  naM’nmo  (fcopMM 

Mm  BBa>KaeMO  3a  flOflinbHe  3raflaTM  tmx,  xto  Ha  npoTR3i  MMHynnx  poKiB  BHic 
3H3HHMM  BHecoK  b  po3bmtok  iHCTMTyTy,  nepeOyBaioHM  Ha  KepiBHMX  nocaflax.  Me 
T.B.  CaMcoHOB,  B.H.  GpeMeHKO,  I.M.  OeflOpneHKO,  O.M.  ninnHKeBMH,  B.M.  KnMMeHKO, 
Jl.cD.  KonecHineHKO,  Jl.O.  rio3H«K,  B.P.  BpaHqeBMM,  T.B.  IcaxaHOB,  B.l.  KoBnaK, 
O.l.  PaMHeHKO,  M.fl.  CMHRBCbKa,  PI”.  CepfllOK,  O.B.  riayCTOBCbKMM. 

B  iHCTMTyTi  npafliOBanM  TaKi  BM3H3HHi  BHeHi,  n k  T.B.  CaMCOHOB  -  (J)i3MKO-xiMMHe 
MaTepiano3HaBCTBO  TyronnaBKMX  cnonyK;  I.M.  OeflopMeHKO  -  nopoLUKOBi  MaTepianM  Ta 
nopoiUKOBi  TexHonorii’;  B.H.  GpeMeHKO  -  <#i3MKO-xiMNHi  ochobm  MaTepiano3HaBCTBa; 
r.C.  riMcapeHKO  (oflMH  3  3acHOBHMKiB  IFIM,  rkmm  b  noflanbinoMy  Ha  6a3i  Biflfliny  IIHM 
oprani3yBaB  Ihctmtyt  npoOneM  MiflHOCTi  HAH  YKpai'HM)  -  npo6neMM  MiflHOCTi; 
M.n.  Ap6y30B  -  cTpyicrypHi  flocniflweHHfl  MaTepianiB;  O.M.  ninnHKeBMH  -  po3po6Ka 
MeTOfliB  CTpy KTypHoro  aHani3y  flnn  flocnifl>KeHHn  MaTepianiB,  30KpeMa,  HaflTBepflMX 
KepaMiK;  CT.  TpecBRTCbKMM  -  po3po6Ka  Ta  BnpoBaflweHHR  okcmahmx  MaTepianiB;. 
r.A.  BMHorpaflos  -  nepeflOBi  TexHonorii  npoKaTyBaHHn  nopoiiiKiB;  l.fl.  PaflOMMcenbCbKMM  - 
CTBopeHHn  Ta  BnpoB3fl>KeHHR  MaTepianiB  Ta  TexHonoriM  noponiKOBOi  MeTanyprii  b 
npoMMcnoBicTb;  n.C.  KMcnMM  Ta  T.H.  KoconanoBa  -  cjDi3MKO-xiMin  Ta  TexHonorin 
TyronnaBKMX  cnonyK;  fl.M.  KapniHoc  -  po3po6KM  Ta  BnpoBaflweHHH  hobmx  KOMno3MfliMHMX 
MaTepianiB. 

Tenep  b  IHCTMTyTi  npauioe  tbophmm  KoneKTMB,  flo  CKnafly  RKoro  BxoflRTb 
2  aKafleMiKM,  8  MneHiB-KopecnoHfleHTiB  HAH  YKpai'HM,  70  flOicropiB  Ta  6inn 
300  KaHflMflaTiB  HayK.  UUmpoko  BiflOMi  HayKOBi  po6otm  aKTMBHO  npaflioioHMx  cboroflHi 
BHeHMX  -  M.fl.  TnMHHyK  (c|)a30Bi  nepeTBopeHHR  b  cemeToeneKTpMKax,  pafliocneicrpocKonin 
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TBepfloro  Tina,  Teopin  HeynopnflKOBaHMx  cemeToeneicrpHKiB),  r.r.  THeciHa  (flocnifl>KeHHR 
ujupoKoro  xnacy  KepaMinmix  MaiepianiB,  po3po6Ka  3hoco-  Ta  yflapocTiMKnx  Maiepianis  Ha 
i'x  ocHOBi),  AT.  KocTopHOBa  (A0cniA>KeHHH  CTpyicrypM  Ta  BnacTHBOCTeii  nopoiiiKOBHX 
MaTepianiB,  CTBopeHHn  nopoiiiKOBHX  i  borokhobhx  MaTepianiB  uinpoKoro  npn3HaHeHHa), 
O.B.  KypfliOMOBa  (cTpyicrypHi  flocnifl>KeHHR  wnpoKoro  Knacy  MaTepianiB,  CTBopeHHR 
MaTepianiB  Ha  ocHOBi  c£>a3  BHCOKoro  THCKy),  KD.B.  MinbMaHa  (po3po6KM  b  rany3i  Teopii 
TepMoaKTMBauiPiHHX  npoqeciB  AecJjopMaqii,  MaTepiano3HaBCTBa  TyronnaBKHX  MeTaniB, 
cnnaBiB  Ha  ocHOBi  aniOMiHiio,  aMopcftHHX  Ta  KBa3MKpncTaniHHHx  MaTepianiB), 
KD.B.  Hawfluna  (flocniflweHHB  b  rany3i  KaninapHHX  rbmllj,  aflre3i'f,  3MOHyBaHHH,  cfc>i3HKO- 
xiMNHi  ochobh  CTBopeHHR  KOMno3HqiMHi/ix  MaTepianiB,  po3po6Ka  TexHonorii  naHHHH 
pi3HopiAHHx  MaTepianiB);  Jl.O.  (1o3HflKa  (flocniflweHHH  b  rany3i  MeTanypriwHHx  npoqeciB, 
po3po6Ka  BMcoKOMipHiix  Ta  iHCTpyMeHTanbHHx  cTanen),  K.fl.  ToBCTioKa  (AocniA>KeHHR 
npoqeciB  iHTepKanaqii  HaniBnpoBiflHMKOBHX  MaTepianiB,  po3po6Ka  MaTepianiB  ppn 
BMCOKoec|3eKTMBHMx  Awepen  CTpyMy  Ta  bhcokocmhhx  KOHfleHcaTopiB);  CO.  OipcTOBa 
(BHBHeHHR  rpaHHHHO  3MiqHeHHx  MaTepianiB  Ta  MaTepianiB  3  bmcokoio  rmtomoio  MiqmcTK) 
Ta  >KopcTKicTio,  CTpyKTypHHH  aHani3  MaTepianiB  i  MiKpoMexaHi3MiB  nnacTMHHOCTi  Ta 
pywHyBaHHR). 

3aBflRKM  po60TaM  BHeHMX  iHCTHTyTy  CTBOpeHi  BCeCBiTHbO  BiflOMi  HayKOBi  LUKOnM, 
BKi  nniflHO  p03BHBai0TbCH. 

Cepefl  HaPi6inbLU  Ba>KnHBMX  po6iT,  bhkoh3hhx  b  iHCTMTyTi,  cnifl  Bifl3HaHMTH 
po3po6«y  TeopeTMHHMX  ochob  npoqeciB  nopouiKOBoi  MeTanyprii  Ta  CTBopeHHa 
nopoiiiKOBHX  i  KOMno3nqiMHnx  MaTepianiB  pi3Horo  npn3HaHeHHR.  Ba>KnnBe  3HaneHHR 
MaKDTb  4)i3HKO-XiMiHHi  flOCnifl>KeHHR  B3aeMOflil  piflKMX  C|oa3  3  TBepAMMU  nOBepXHRMH, 
KaninnpHnx  Bn  3cth  BOCTe  h  Ta  KOHTaxTHHx  rbhla,  cf)a30BHX  piBHOBar  Ta  TepMOAHHaMiKM 
MeTaneBHX  cnnaBiB  i  TyronnaBKHX  cnonyK;  po3po6neHa  b  iHCTHTyTi  Teopia  nnacTHHHoi 
Ae(J)opMaqii  Ta  pyHHyBaHHR  TyronnaBKHX  MaTepianiB,  HKa  A03Bonne  noB’H3aTH  MexaHiHHi 
BnacTMBOCTi  3  peanbHoto  KpHCTaniHHOK)  CTpyicrypoio,  A°cniA>KeHHa  3  xiMiHHOi 
TepMOAHHaMiKM.  B  cBiTi  Ao6pe  BiAOMi  po6oTM  b  rany3i  MaTepiano3HaBCTBa  nopoiUKOBHX 
MeTaniB,  cnnaBiB,  neeBAoennaBiB,  iHTepMeTaniAiB,  TyronnaBKHX  cnonyK,  cnoiCTHX 
CTpyKTyp,  MaTepianiB  Ha  ocHOBi  Byrneqto,  BiopqHTonoAiOHoro  HiTpi/iAy  6opy. 

Ha  3aMOBneHHn  HapoAHoro  rocnoAapcTBa  CTBopeHi  MaTepianH  A-na  hoboi  TexHiKH  - 
KOHCTpyKqiMHi  (xrapoMiqm  Ta  wapocTiHKi),  eneiopoTexHiMHi,  (KOHTaKTHi  Ta  eneicrpoAHi), 
Ann  tohko-  Ta  TOBCTonniBKOBOi  eneicrpoHiKH,  ,  iHCTpyMeHTanbHi  (b  t.h.  yAapocTiHKHH 
HaATBepAHH  reKcaHiT-P),  HaniBnpoBiAHHKOBi  MaTepiann  BHKopncTaHHH  y 

bhcokocmhhx  HaKonnHyBanax  eHeprii,  <£oto-  i  TepMoeneKTpHHHHX  nepeTBopiOBanax 
cohrhhoi  eHeprii;  po3po6neHi  TexHonorii  Ta  ycTaTKyBaHHH  a-tib  eneKrpoepo3iHHoro 
3MiqHeHHR  ASTanew  Ta  iHCTpyMeHTy;  po3po6neHi  TexHonoriHHi  cxeMM  rapaMO'i  o6po6KH 
nopoiiiKOBHX  MaTepianiB  i  otphm3hhr  eKOHOMHO-neroBaHMx  cTaneii  3  3acTocyBaHHRM 
nopoLUKOBoro  APOTy  toiao. 

riopRA  3  aKTHBHOK)  HayKOBOK)  Ai^bHiCTK)  iHCTHTyT  Ha  npoTR3i  BCbOrO  CBOrO 
icHyBaHHR  npoBOAHB  iHTeHCMBHy  HayKOBO-opraHi3aqiHHy  Ta  KoopAHHaqiHHy  AianbHicTb.  Ha 
npoTR3i  6inbiiie  10  poKiB  Ihcthtyt  6yB  ronoBHOio  opraHi3aqieio,  b  CPCP,  Ta 
KoopAHHyBana  HayKOBy  Ta  HayKOBo-TexHNHy  Ai^bHicTb  b  rany3i  nopoLUKOBo'i  MeTanyprii. 
Hhm  iHiqinoBaHi  ypaAOBi  nocTaHoen,  RKi  3H3HHOK)  Mipoio  cnpHann  po3BHT«y  HayKH  Ta 
npoMHcnoBOCTi  nopoiiJKOBo'i  MeTanyprii  b  YKpai'Hi  i  b  6araTbox  pecnySniKax.  flnn 
noKpaiAaHHR  KoopAMHaqii  po6iT  b  qin  rany3i  Ta  nonerweHHH  3anpoBaA>KeHHR  HayKOBHX 
po3po6oK  b  npoMiicnoBicTb  Ha  6a3i  IflM  6yB  CTBOpeHHH  Mi>xrany3eBHM  HayKOBO-TexHiMHMH 
KOMnneKC  MHTK  “flopoujKOBa  MeTanyprin”,  raPO  nKoro  CTBopnnH  BnacHe  iHCTMTyT,  iioro 
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Oco6nnBe  KOHCTpyKTopcbKO-TexHonoriMHe  6iopo,  iH4>opMaqiHHo-o6HHcnioBa.nbHHH  qeHTp 
Ta  flocniflHe  bmpo6hmi4tbo.  Y  1990  poi^i  b  MHTK  ‘TIopoiuKOBa  MeTanyprm”  npaqiOBaB 
TBopMMM  KoneKTMB  3  4500  oci6,  3ycMrmR  HKoro  6ynn  cnpRMOBam  Ha  po3bhtok 
4>yHflaMeHTanbHHX  Maiepiano3HaBHMX  flocnifl>KeHb  Ta  3anpoBa,q>KeHHn  hobhx  MaTepianiB 
Ta  TexHonorin  b  nepeflOBi  rany3i  HapoflHoro  rocnoflapcTBa  -  npei_iH3MHe 
MaiiiMHo6yflyBaHHH,  eneKTpoHiKy,  eHepreTHKy,  aBiaqiHHy  Ta  KOCMiHHy  TexHiKy,  Ha3eMHHH 
TpaHcnopT  Ta  iH.  BaraTo  po6iT  IHCTHTyT  BHKOHyBaB  Ha  BincbKOBi  3aMOBneHHH,  hum  cnpnHB 
3MiqHeHHK)  o6opoH03flaTHOCTi  KpaiHH.  flocRmeHHH  KoneKTMBy  Ta  noro  HJieHiB  3acny>KMnM 
BHCOKHX  ypRAOBMX  Bifl3HaK. 

I.M.  OpaHLjeBMM,  B.l.  TpecfjinoB,  fl.M.  KapniHOC,  K).fi.  nnnHnoBCbKHH  oflep>Kann 
flepxaBHi  npeMii'  CPCP. 

flepwaBHi  npeMii  YPCP  Ta  YKpai'HH  oflep>Kann  t3ko>k  TaKi  npoBiflHi  BHern  IHCTHTyTy, 
hk  B.B.  CKopoxofl,  O.M.  nirmHKeBMH,  TB.  CaMCOHOB,  B.H.  CpeMeHKO,  I.M.  OeflopMeHKO, 
l.fl.  PaflOMHcenbCbKMM,  KD.B.  HawflMH,  M.C.  KoBanbHeHKO,  Jl.O.  rio3HHK,  KD.B.  MinbMaH, 
M.fl.  rilHHMyK,  AT.  KOCTOpHOB,  K.fl.  TOBCTIOK,  O.B.  riayCTOBCbKMH,  I.B.  rpMflHGBa, 
I.O.  JlaBpuHeHKO,  PM.  JlyKaiueHKO,  T.R  KoconanoBa,  B.fl.  KoBaniOK,,  B.R  rieTpoBCbKHH, 
B.B.  naHiHKiHa,  Jl.H.  Ty/ibHHHCbKHH,  TB.  JlauiKapbOB,  PI".  nneciH,  B.X.  KafltipoB, 
B.r.  TKaMeHKO,  T.B.  fly6oBMK,  Jl.A.  flBopHHa,  r.r.  KapioK,  B.M.  EynaHOB,  B.M.  KpnneK, 
B.M.  KnMMeHKO,  O.C.  Bonrap  Ta  iH.  -  BCboro  6inn  50  wo/iOBiK.  BaraTo  cniBpo6iTHHKiB 
IHCTHTyTy  yflocToeHi  3BaHHR  naypeaTiB  npeMin  iMeHi  BH3HaMHHx  BneHHX. 

IHCTMTyT  6yB  Haropofl>KeHHM  OpfleHOM  TpyAOBOro  MepBOHoro  llpanopy, 
6araT0pa30B0  Bn6opioBaB  nepexiAHHH  nepBOHHH  npanop  L4K  KflPC,  PaAH  MiHiCTpiB 
Bl4PnC  Ta  L\K  BJ1KCM,  mo  y  80-x  poKax  b  CPCP  6yno  OAHieio  3  HaH6mbLu  npecTHWHHX 
oqiHOK  Ai^JibHOCTi  opraHi3aqi'i. 

B  ui  )K  POKH  IHCTHTyT  OHOJ1HB  ABS  HanpRMH  KOMnneKCHOi  HayKOBO-TeXHNHOi 
nporpaMH  cniBpo6iTHHqTBa  Kpai'H  -  nnemB  PaAH  eKOHOMiHHOi  B3aeMOAonoMorn 
‘TIopoLUKOBa  MeTanyprm”  Ta  “TexHiHHa  KepaMixa”.  Bynn  po3po6neHi  i  ycniiiiHo 
BHKOHyBani/icn  nporpaMH  3a  mhmh  HanpnMaMH,  yqacHHKaMH  rkhx  6ynn  Oinbuie  60 
opramsaqin  3  8  KpaiH. 

Ha  >xanb,  cboroAHi  IHCTHTyT  nepe>KHBae  He  Kpaiqi  cboi  nacn:  HeAOCTaTHe 
4DiHaHcyBaHHR  AocniAweHb,  npaKTHHHO  noBHa  BiAcyTHicTb  3aMOBneHb  BiA  npoMHcnoBocTi, 
3acTapine  HayKOBe  i  TexHonoriHHe  oSnaAHaHHH,  BiATiK  HayKOBHX  KaApis,  BiAcyTHicTb 
HaAXOA>KeHb  ao  6i6nioTeK  HayKOBHX  MOHorpacf)iH  Ta  nepioAHHHHX  BHAaHb,  BiAcyTHicTb 
KOLUTiB  Ha  HayKOBi  BiAP^A^eHHn,  noraHi  yMOBH  >khttr  Ta  npaqi  bhbhhx  -  Bee  qe  He  cnpnne 
p03BHTKy  IX  TBOpMOl  aKTHBHOCTi.  CniBpoOiTHHKH  IHCTHTyTy  BMKOpHCTOByKDTb  BCi 
MO>xnHBOCTi  OAepxoHHR  kolutIb  f\r\9 1  npoBeAOHHH  AOcniA>KeHb.  CepeA  hhx  ynacTb  b 
BHKOHaHHi  KOHKypCHHX  pO0iT  3a  npiopHTeTHHM  AJ13  YKpaiHH  HanpHMOM  “HOBi  peMOBHHH  Ta 
MaTepiann”,  3a  TeMaTHKOio,  Lqo  niATpHMyeTbcn  HaqioHanbHHM  c^ohaom 
cfDyHAaMeHTanbHHx  AOcniA>KeHb,  3a  eBponencbKHMH  nporpaMaMH  INTAS  Ta  INCO 
COPERNICUS  Ta  nporpaMaMH  NATO,  CRDF,  rpaHTaMH  HayKOBO-TexHonoriMHoro  qempy 
b  YKpaiHi  (YHTI4),  tolao.  B  qi  HenpocTi  pokh  IHCTHTyT  HaMaraeTbcn  niATpHMyBa™  3b’r3kh 
3  iHOSeMHHMH  BHeHHMH  Ta  CfcjaXiBqflMH,  CHCTeMaTHHHO  npOBOA^^H  Mi>KHapOAHi 
KOHcfcepeHqi'i  Ta  ceMinapn  3a  MaTepiano3HaBMOio  TeMaTHKOio. 

BaraTo  BneHHx  IHCTHTyTy  CTa>KyK)TbCR  3a  kopaohom  Ta  BHKOHyiOTb  b  33kopaohhhx 
opraHi3aqinx  po6oth  3a  cnijibHHMH  HayKOBo-TexHiHHHMH  npoeKTaMH. 

BaraTo  eHeprii  Rm  niATpHMKH  HayKOBHX  HanpaMiB  Ai^-nbHOCTi  IHCTHTyTy  BiAAae 
Anpeicrop  HIM  B.B.  Ckopoxoa,  Ta  noro  3acTynHHKH  3  HayKOBo!  po6oth  AT.  Koctophob, 
A.B.  Parynn,  C.O.  OipcTOB,  yneHHH  ceKpeTap  B.B.  KapTysoB.  Xona  i  He  b  TaKin  Mipi,  rk 
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6yno  6  6ax<aHO,  b  iHCTHTyTi  Pifle  OMono/pKem-iR  HayKOBHx  KaflpiB.  npuxoflRTb  Ha  po6oiy 
BMnycKHMKM  By3iB,  nonoBHioeibCR  KoneKTMB  acnipaHTawiM. 

Tax,  HaM  3apa3  Bamo.  Ane  HaM  BflanocR  36eperm  nayKOBi  lUKonn  i  TOMy  mh 
Ahbhmoch  b  Maw6yTHe  3  onTMMi3MOM.  KpiM  Toro,  flOflae  onTMMi3My  Bipa  b  Te,  ipo  HayKa  b 
Haiiiiw  Kpa'mi  3HOBy  ciaHe  BOCTpe6yBaHOK),  a  npoMHcnoBOCTi  CTaHyTb  noipi6Hi  hobi 
MaTepiajin,  6e3  rkhx  HeMO>KnHBo  cTBopiOBaTH  TexHixy  Maii6yTHboro. 

HePi  TexcT  mu  noflaeMO  TpbOMa  MOBaMH.  I  pe  chmbojimho.  Ham  iHCTHTyT  bhhhk  Ta 
po3BHBaBCR  b  xpai'Hi,  fle  ocjDiMiHHOio  moboio  6yna  pocincbxa,  Hapa3i  Hama  flep>xaBHa  MOBa 
-  yxpai'HCbxa.  Mh  HanncanH  TaKo>K  aHrniHCbxoio  nepe3  Te,  mo  mh  Hapi/iem  ao  cBiTOBoro 
HayKOBoro  cniBTOBapncTBa  h  MaeMo  HaAiio  3H3hth  TaM  cbog  Micqe. 
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50th  Anniversary  of  Founding  the  Frantsevich  Institute  for  Problem  of  Materials 

Science  (IPMS) 

D.  Levina,  L.  Chernyshev 


The  history  of  the  IPMS  is  versatile  and  complicated.  Unfortunately,  up  to  now  it  has  not 
been  described  comprehensively  and  the  input  of  persons  who  promoted  the  foundation 
and  development  of  IPMS  has  not  been  evaluated.  The  authors  of  this  paper  having 
worked  at  the  IPMS  more  than  35  years  made  an  attempt  to  express  their  opinion  about 
persons  whose  names  will  store  the  IPMS  history.  We  do  this  in  order  to  help  the 
conference  participants  to  view  the  path  covered  by  IPMS.  We  recognize  that  another 
glance  to  our  history  can  exist.  Another  accent  can  be  given,  and  another  dominants  in  its 
development  can  be  pointed  out.  We  apologize  in  advance  to  those  whose  input  was  not 
sufficiently  pointed  or  missed.  The  paper  volume  is  restricted  and  it  is  impossible  to  tell  in 
detail  about  everybody.  So,  let’s  go. 

After  world  war  II  physica’  and  chemistry  of  metallurgical  processes  division  of  existed  in 
the  Institute  of  ferrous  metallurgy  of  Academy  of  Science  of  UkrSSR,  which  dealt  with  the 
development  of  highly  heat  resistant  and  erosion  resistant  materials  with  making  use  of 
powder  metallurgy  techniques.  Based  on  that  division,  the  Laboratory  of  special  alloys  was 
founded  in  1952,  and  just  from  that  moment  the  history  has  begun.  In  1955  the  Laboratory 
was  transformed  into  the  Institute  of  Metal  Ceramics  and  Special  Alloys  of  Academy  of 
Science  of  UkrSSR.  Starting  from  1965  it  is  named  as  Institute  for  Problem  of  Materials 
Science. 

The  main  areas  of  scientific  activity  of  IPMS  are  following:  development  of  scientific  bases 
for  designing  new  materials  with  specified  properties  through  fundamental  researches  in 
solid  state  physics,  physical  materials  science,  physical  and  inorganic  chemistry, 
mechanics  of  deformed  body;  synthesis  of  new  metal  alloys  and  refractory  compounds, 
new  powders,  composite  and  ceramic  materials;  developing  new  and  improving  available 
processes  of  production  them  as  well  and  corresponding  equipment;  development  of 
various  materials  for  coating  and  processes  for  machining  and  joining  of  materials. 

Founder  and  the  first  Director  of  IPMS  (till  1973)  was  Academician  of  Academy  of 
Sciences  of  Ukraine  Ivan  Nikitovich  Frantsevich  (1905-1985)  -  famous  scientist  in  the  field 
of  physical  and  inorganic  chemistry,  powder  metallurgy  and  solid  state  physics,  an 
outstanding  broad-minded  person  of  great  learning  who  made  much  for  development  of 
the  IPMS  to  a  large  materials  science  center,  which  bears  his  name  from  1985. 

Under  leadership  of  I.N. Frantsevich  various  composite  materials  based  on  ferrous  and 
non-ferrous  metals  and  refractory  compounds  have  been  designed  and  introduced  in 
industry,  scientific  principles  for  development  ofimpact-stable  and  superhard  compositions 
have  been  formulated,  the  methods  of  electrical  protection  of  gas  pipelines  against 
corrosion  have  been  developed.  In  1961  I.N. Frantsevich  initiated  the  scientific  journal 
«Powder  Metallurgy)).  It  is  one  of  few  native  journals,  which  is  translated  in  English  and  is 
known  abroad.  I.N. Frantsevich  was  aworded  with  premiums  of  USSR  and  Ukraine  and  the 
highest  in  those  time  title  of  Hero  of  Socialist  Labour. 

From  1973  an  Academician  of  Ukrainian  National  Academy  of  Sciences  and  Academy  of 
Sciences  USSR  (later  of  Russia)  Victor  Ivanovich  Trefilov  (1930-2001)  became  the 
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Director  of  IPMS  and  he  was  in  this  position  for  28  years.  V.l.Trefilov  was  one  of  authors  of 
the  physical  fundamentals  for  the  theory  of  deformation  of  strengthening  and  fracture  of 
polycrystalline  refractory  materials.  For  the  first  time  in  materials  science  V.l.Trefilov  and 
his  colleagues  had  developed  the  basis  of  technologies  for  production  of  so  called  «tough» 
ceramics  and  diamond-like  ceramics.  V.l.Trefilov  was  twice  awarded  with  the  State 
Premium  of  Ukraine.  He  was  an  outstanding  governmental  person,  member  of  UkrSSR 
and  USSR  parliaments,  vice-president  of  AS  of  UkrSSR.  He  initiated  and  managed  various 
international  and  national  scientific  programs  aimed  to  creating  new  materials  with 
necessary  service  properties. 

Starting  from  2001  the  Academician  of  UNAS  Valery  Vladimirovich  Skorokhod  is  the 
director  of  IPMS.  He  is  engaged  in  development  of  scientific  fundamentals  for  powder 
metallurgy  processes,  theory  of  physical  and  mechanical  properties  of  powder  materials 
produced  with  sintering  with  relation  to  their  structure  and  production  processes.  He 
created  regular  quantitative  theory  of  deformation  of  porous  materials  upon  sintering,  hot 
pressing  and  pressure  treatment,  which  makes  it  possible  to  perform  technical  calculation 
of  optimal  technological  regimes;  developed  the  methods  for  calculation  of  electrical 
conductivity,  elastic  modules,  velocity  of  supersonic  waves  propagation  in  heterophase 
materials.  He  has  developed  various  experimental  and  theoretic  physical  and  chemical 
methods  for  activating  and  intensifying  the  processes  of  metal  oxides  reduction  in  order  to 
obtain  highly-disperse  metal  powder.  Recently  he  initiated  and  performed  the  works 
considering  the  creating  new  ceramic  materials,  in  particular  based  on  intermetallics,  as 
well  as  nanostructura!  ceramics  based  on  boron  nitride  and  titanate.  V.V.Skorokhod  is  one 
of  the  leading  specialists  in  the  field  of  investigation  and  development  of  functional 
materials,  including  hydrides  and  having  the  shape-memory  ones. 

We  consider  it  to  be  appropriate  to  mention  those  who  were  involved  in  the  management 
of  IPMS  and  promoted  its  development  (unfortunately  many  of  them  deceased):  They  are 
G.V.Samsonov,  V.N.Yeremenko,  I.M.Fedorchenko,  A.N.Pilyankevich,  B.N. Klimenko, 
L.F. Kolesnichenko,  L.A.Poznyak,  V.R.Brantsevich,  G.V.Isakhanov,  V.I.Kovpak, 
A.I.Raychenko,  M.D.Sinyavskaja,  G.G.Serdyuk,  A.V.Paustovskij. 

Many  outstanding  scientists  worked  at  the  IPMS,  such  as  G.V.Samsonov  - 
physicochemical  materials  science  of  refractory  compounds;  I.M.Fedorchenko  -  materials 
science  of  powders  and  powder  metallurgy  technologies;  V.N.Yeremenko  - 
physicochemistry  of  inorganic  materials;  G.V.Pisarenko  (one  of  founder  of  IPMS;  later 
organized  the  Institute  for  strength  problems  of  UNAS  on  the  base  of  IPMS  division)  - 
problems  of  materials  strength;  M.P.Arbuzov  -  investigation  of  materials  structure; 
A.N.Pilyankevich  -  development  of  contemporary  methods  of  analysis  of  materials 
structure,  including  superhard  ceramics;  S.G.Tresvyatskij  -  materials  science  of  oxides; 
G. A. Vinogradov  -  advanced  technology  for  powder  rolling;  I.D.Radomysel'skij  - 
development  and  realization  new  materials  and  powder  metallurgy  technologies  in 
industry;  P.S.Kislyi  and  T.Ja.Kosolapova  -  physicochemistry  and  technologies  of 
refractory  compounds;  D.M.Karpinos  -development  and  application  of  new  composite 
materials. 

To-day  a  creative  staff  works  in  IPMS  comprising  2  academicians  and  8  correspondence- 
member  of  UNAS,  70  doctors  of  science  and  about  300  candidates  of  science.  Known 
worldwide  are  scientific  achievements  of  present  working  scientists:  M.D.Glynchuk  - 
phase  transformations  in  ferroetoelectrics,  radiospectroscopy  of  solids,  theory  of 
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unordered  ferroelectrics;  G.G.Gnesin  -  investigation  of  various  ceramic  materials, 
development  of  wear-resistant  and  impact-stabie  materials  based  on  those  ceramics; 
A.G.Kostornov  -  theoretical  and  experimental  study  of  structure  and  properties  of 
materials  obtained  by  the  powder  metallurgy  methods,  development  of  powder  and  fibrous 
materials  of  wide  application;  A.V.Kurdyumov  -  study  of  structure  of  superhard  and 
ceramic  materials,  development  of  materials  based  on  the  high-pressure  phases; 
Yu.V.Mil'man  -  theory  of  thermoactivated  deformation  processes,  materials  science  of 
refractory  metals,  alloys  based  on  aluminum,  amorphous  and  quasicrystalline  materials; 
Yu.V.Naidich  -  capillary  fenomena,  adhesion  and  wettability,  physicochemical  base  for 
designing  composite  materials,  technology  for  brazing  different  materials;  L.A.Poznyak  - 
study  of  metallurgical  processes,  development  of  strength  and  tool  steels;  K.D.Tovstyuk  - 
intercalation  processes  in  semiconductive  materials;  S.A.Firstov  -  study  the  strengthened 
materials  and  those  with  high  specific  strength  and  stiffness,  structure  analysis  of  materials 
and  micromechanisms  of  plastisity  and  fracture. 

Owing  to  the  works  of  the  scientists  of  IPMS  there  have  been  created  worldwide  known 
scientific  schools,  which  have  developed  fruitfully. 

Among  the  most  important  works  carried  out  in  IPMS  the  development  of  theoretical  basis 
for  powder  metallurgy  processes  and  designing  powder  metallurgy  and  composite 
mateerials  of  various  application  should  be  pointed  out.  Greatly  important  are 
physicochemical  studies  of  reaction  of  liquid  phases  with  solid  surfaces,  capillary 
properties  and  contact  fenomena,  phase  equilibria  and  thermodynamics  of  metal  alloys 
and  refractory  compounds.  The  theory  of  plastic  deformation  and  fracture  of  refractory 
materials,  which  was  developed  in  IPMS,  makes  it  possible  to  relate  mechanical  properties 
to  real  crystal  structure.  The  works  of  scientists  of  IPMS  in  the  field  of  materials  science  of 
powder  metals,  alloys,  pseudoalloys,  intermetallics,  refractory  compounds,  layered 
structures,  carbon-  based  materials,  wurzite-like  bboron  nitride  are  well  known  worldwide. 

For  the  need  of  economics  the  materials  for  new  technics  have  been  designed:  structural 
heat  resistant,  electrotechnical  (contact  and  electrod),  forthin-film  and  sick-film  electronics, 
tool  (including  impact-resistant  superhard  hexanite-R),  porous  permable  metal,  ceramic 
polymeric  materials  from  powder  and  fibers  for  filtration  and  capillar  transportation, 
semiconductive  materials  for  high-capacity  accumulators  of  energy,  photoelectrical  and 
thermoelectrical  transformers  of  solar  energy;  the  technologies  and  equipment  for 
electroerosion  of  strengthening  of  parts  and  tools,  as  well  as  technological  schemes  for  hot 
processing  powder  materials  and  production  of  low-alloyed  steels  with  the  usage  of 
powder  wire  and  many  others  have  been  developed  and  designed. 

Along  with  scientific  activity  the  IPMS  an  intensive  scientific-organizing  and  coordination 
works  were  carrying  out  during  all  the  period  of  the  Institute’s  existence.  For  more  than 
10  years  the  IPMS  was  leading  institution  in  the  former  USSR,  which  coordinated  scientific 
and  scientific-technical  activity  in  the  field  of  powder  metallurgy.  The  IPMS  initiated 
governmental  resolutions,  which  to  a  great  extent  promoted  the  development  of  science 
and  industry  of  powder  metallurgy  in  Ukraine  and  other  Republics  of  the  USSR.  In  order  to 
improve  coordination  of  works  in  that  field  and  accelerate  realization  of  scientific 
development  in  industry,  the  interdepartmental  scientific-technical  complex  «Powder 
Metallurgy))  comprising  IPMS,  its  Special  Design  Bureau,  Information-Computational 
Center  and  experimental  production  plant.  About  20  large  institutes,  design  organizations 
and  enterprises  of  the  USSR  took  part  in  activity  of  this  complex.  In  1990  the  staff  of 
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«Powder  metallurgy»complex  amounted  to  4500  employees  whose  activity  was  directed  to 
the  development  of  fundamental  materials-scientific  researches  and  introduction  of  new 
materials  and  technologies  in  leading  branches  of  native  economics  -  precise  machine- 
building,  electronics,  energetics,  aviation  and  space  technics,  transport  etc.  Many  works 
have  been  performed  by  military  orders  thus  promoting  defense  potential  of  state. 

The  achievement  of  IPMS  won  many  governmental  awards.  I.N. Frantsevich,  V.l.Trefiiov, 
D.M.Karpinos,  Yu.L.Pilipovskij  and  L.A.Poznyak  were  awarded  the  State  premiums  of 
USSR. 

State  premium  of  UkrSSR  and  Ukraine  were  awarded  such  leading  scientists,  as 
V.V.Skorokhod,  A.N.Piiyankevich,  G.V. Samsonov,  V.N. Yeremenko,  I.M.Fedorchenko, 
I.D.Radomysel’skij,  Yu.V.Naidich,  M.S.Koval’chenko,  L.A.Poznyak,  Yu.V.Mil’man, 
A.G.Kostornov,  M.D.Glynchuk,  K.D.Tovstyuk,  A.V.Paustovskij,  I.V. Gridneva, 
I.A.Lavrinenko,  G.M. Lukashenko,  T.Ya.Kosolapova,  V.D.Kovalyuk,  V.Ya.Petrovskij, 
V.V.Panichkina,  L.N.Tul’chynskij,  G.V.Lashkaryov,  G.G.Gnesin,  V.Kh. Kadyrov, 
V.G.Tkachenko,  T.V.Doubovik,  L.A.Dvorina,  G.G.Karyuk,  V.N. Bulanov,  V.M.Kryachek, 

V.N. Klimenko,  A.S.Bolgar  and  etc  -  approximately  50  scientsts. 

Many  specialists  of  IPMS  were  awarded  the  premiums  named  in  honor  of  outstanding 
scientists. 

The  IPMS  was  rewarded  the  Order  of  Labor  Red  Banner,  many  times  won  the  prize  The 
Red  Banner  of  the  Central  Committee  of  CPSU,  the  Council  of  Ministers,  the  All-Union 
Central  Council  of  Trade  Unions,  and  Leninist  Young  Communist  League  of  the  USSR, 
which  was  in  the  former  USSR  one  of  the  most  prestige  assessment  of  organization 
activity. 

In  1980  the  IPMS  headed  two  scientific-technical  programs  of  Complex  Program  of  ' 
Cooperation  between  Countries-members  of  Council  of  Economical  Mutual  Assistance 
(former  Socialist  European  Countries)  -«Powder  Metallurgy))  and  «Advanced  Ceramics)). 

The  plans  were  drawn  and  fulfilled  concerning  these  programs  in  which  more  than 
60  organizations  from  8  countries  participated. 

Unfortunately,  to-day  the  IPMS  experiences  are  not  in  their  best  times:  insufficient 
financing  of  researches,  almost  full  absence  of  orders  from  industries,  the  scientific  and 
technological  equipment  became  obsolete,  many  scientists  left  Institute,  lack  of  scientific 
monographs  and  journals  in  library,  as  well  as  funds  for  scientific  trips  -  all  this  does  not 
promote  increase  of  creative  activity  of  IPMS’  scientists.  Nevertheless,  our  scientists  use 
all  opportunities  to  get  funding  for  researches.  One  should  mention  the  participation  in 
program  «New  Substances  and  Materials)),  which  is  one  of  high  priorities  for  Ukraine; 
various  programs  supported  by  State  Fund  for  Fundamental  Research;  European 
programs  INTAS,  INCO  COPERNICUS,  programs  NATO,  CRDF,  SCTU  etc. 

To-day  the  IPMS  trays  to  hold  up  the  links  with  foreign  scientists  and  specialists  by 
regularly  holding  international  conferences  and  seminars  on  materials  science  topics. 
Much  energy  apply  Director  of  IPMS  V.V.Skorokhod,  deputy-directors  S.A.Firstov, 
A.G.Kostornov,  A.V.Ragulya,  scientific  Secretary  V.V.Kartuzov  for  support  scientific 
activity  of  Institute.  Now  young  specialists  graduated  institutes  and  universities  come  to 
IPMS. 
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We  recognize  that  to-day  it  is  hard  to  work.  But  we  preserved  scientific  schools  and  thus 
we  look  in  future  with  optimism.  We  trust  that  our  society  will  get  better,  the  science  be 
necessary  for  our  state,  and  the  industries  will  require  new  materials,  without  which  it  is 
impossible  to  create  the  technics  for  future. 

We  have  written  this  text  in  three  languages.  We  did  it  intentedly.  Our  Institute  was 
founded  and  developed  in  the  country,  where  official  language  was  Russian.  At  present 
our  official  language  is  Ukrainian.  We  wrote  also  in  English  because  we  are  striving  for 
world  scientific  community  and  hoping  to  find  there  our  place. 
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DESIGNING  AND  ENGINEERING  OF  NANOPHASE  MATERIALS 
STRUCTURE  AS  A  METHOD  OF  OPERATING  BY  THEIR  PROPERTIES: 

ACHIEVEMENTS  AND  PROBLEMS 

Skorokhod  V.V. 

Frantsevich  Institute  for  Problem  of  Materials  Science,  Ukraine  National  Academy  of  Sciences, 

Kiev,  Ukraine 


In  late  decades  of  20th  century  the  nanostructure^ 
materials  have  found  their  application  in 
contemporary  high  technologies  as  fundamentally 
new  class  of  functional  materials  with  specific, 
sometimes  unique  useful  properties,  as  well  their 
unusual  combinations.  Nanophase  materials  (or 
nanocomposites)  form  a  very  important  group  of 
nanostructured  materials  which  are  characterized 
by  heterogeneous  structure.  This  structure  is 
formed  by  phases  with  mean  linear  dimensions  of 
structural  elements  less  than  100  nm,  which  do 
virtually  not  interact  each  other.  It  is  actual  and 
complicated  problem  to  apply  the  methods  of 
structure  designing  and  engineering  to  these 
materials  which  have  been  developed  in  the 
second  half  of  20th  century  and  are  successively 
used  for  laminated  and  reinforced 
macrocomposites.  We  dwell  on  the  general 
description  of  metal,  ceramic-metal,  and  ceramic 
nanocomposites.  Both  grains  of  predominant 
phase  (matrix)  and  second  phase  inclusions  should 
be  considered  as  structural  elements  in  these 
systems.  With  respect  to  the  nature  of  chemical 
bonding,  both  above  phases  could  be  not  only 
metal  (metals,  alloys,  intermetallics,  metal-like 
refractory  compounds),  but  also  non-metal 
(oxides,  halkohenides,  covalent  nitrides  and 
carbides). 

Therefore,  the  regarded  composites  can  be  by  both 
dielectrics  (semi-conductors)  and  conductors  from 
the  viewpoint  of  their  electrical  properties, 
depending  on  the  volume  fraction  of  conductive 
phase  in  composite.  As  to  mechanical  properties, 
the  metal  nanophase  composites  have  the  most 
often  limited  plasticity  while  ceramic-metal  have 
very  low  plasticity  with  sufficiently  high  fracture 
toughness.  Finally,  the  ceramic  composite  in  a 
whole  is,  as  a  rule,  brittle  material  and  the 
parameters  of  its  fracture  toughness  can 
considerably  depend  on  properties  and 
morphology  of  the  second  phase  inclusions. 

The  designing  of  composites  structure,  including 
nanophase  ones,  has  to  be  carried  out  taking  into 
account  the  technological  processes  in  which  the 


structure  engineering  is  performed.  Four  main 
groups  of  technological  processes  for 
manufacturing  bulk  nanocomposites  should  be 
pointed  out: 

a)  mechanical  mixing  of  initial  nanodisperse 
powders  followed  by  consolidation  (pressing 
and  controlled  sintering,  hot  pressing, 
sintering  under  high  pressure  etc.); 

b)  preliminary  synthesis  of  composite 
nanostructured  powders  of  nanophase 
particles  by  mechanical-chemical, 
plasmochcmical,  colloidal-chemical  and  other 
methods  followed  by  hot  pressure  treatment; 

c)  reactive  sintering  of  heterophase  nanodisperse 
system,  which  is  accompanied  by 
considerable  change  in  phase  composition  of 
system; 

d)  synthesis  of  complex  compounds  and 
subsequent  decomposition  of  them  in 
selective  chemical  reactions  (oxidation, 
reduction,  formation  of  hydrides,  carbides, 
nitrides  etc.)  with  formation  of  nanodispersed 
mixtures  and  sintering  of  them. 

Obviously  the  above  mentioned  typical  schemes 
for  technological  processes  for  preparation 
nanocomposites  can  be  divided  into  two  groups, 
one  of  which  corresponds  to  principle  of  joining 
particular  phases  into  composites,  and  another  to 
separation  of  initially  monophase  system  into 
two  or  more  phases.  The  principal  qualitative 
characteristics  of  nanocomposite  structure  are 
linear  dimensions  (size  distribution)  of  grains, 
morphology  and  linear  dimensions  of  inclusions, 
extent  of  coherency  between  them.  To  those  can 
be  related  also  the  degree  of  perfection  grain  and 
interphase  boundaries,  which  is  dependent  on 
their  effective  thickness,  and  also  the  purity  and 
fractal  dimension.  Just  those  parameters  which 
greatly  depend  on  the  choice  and  optimization  of 
technology  for  composite  production,  determine 
the  extent  of  occurrence  of  so-called  dimensional 
effect  which  has  to  be  accounted  in  designing  on 
optimal  nanophase  structure.  However,  the 
properties  of  nanocomposite  are  determined  by 
not  only  the  properties  of  particular  phases  (taking 
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into  consideration  the  dimensional  effect)  and 
volume  content  of  them,  but  also  the  geometric 
parameters  of  hctcrophasc  structure  of  a  system  as 
a  whole.  The  most  typical  classes  of  heterophase 
structures  are  matrix  and  statistic  (stochastic) 
ones.  These  differs  first  of  all  by  topological 
characteristics,  i.e.,  degree  of  connection  of 
structural  elements.  The  classification  of 
nanocomposites  by  the  geometry  of  structural 
elements,  and  also  proper  choice  of  microstructure 
integral  parameters  favor  the  structure  designing. 
Here  it  have  to  be  taken  into  account  that  the 
equations  which  put  the  basis  for  such  designing 
and  describe  the  dependence  of  effective  physical 
properties  (conductivity,  permeability)  of 
macrocomposites  on  volume  content  of  phases 
and  parameters  governing  microstructure  type 
must  be  essentially  corrected  upon  transition  to 
nanophase  systems. 

If  phases  in  a  composite  differ  considerably  in 
their  properties  (for  example,  conductivity, 
dielectrical  permeability  or  hardness),  the 
differences  in  system  properties  even  within  one 
structure  type  (for  instance,  matrix)  with  the  same 
volume  content  of  phases,  can  be  large  depending 
on  form  factor  of  inclusions.  These  differences 
become  especially  large  when  comparing  systems 
with  matrix  and  statistical  structure.  The  structure 
of  real  composites  most  often  is  intermediate 
between  matrix  (i.e.,  ordered  in  a  some  way)  and 
statistical  ones.  To  determine  effective  properties 
of  such  systems  it  is  necessary  to  know  a  number 
of  complementary  special  parameters  of 
heterophase  structure  -  the  extent  of  matricity  or 
stochasticitv  and  the  characterictic  of  coherency 
(contiguity)  for  phases,  and  for  nanophase 
systems  also  the  relative  portion  of  "boundary" 
phase.  In  stochastic  structures  with  some  critical 


difference  in  phase  properties  (conductivity, 
permeability,  hardness)  the  percolation  and  fractal 
effects  become  of  importance.  In  such  systems  the 
complementary'  parameters  of  geometrical 
structure  appear,  in  particular  the  percolation 
threshold  and  fractal  dimension  for  each  phase. 

From  these  positions  it  is  discussed  the 
nanostructured  functional  composites  of 
"paramagnct-fciTomagnet",  "conductor- 

dielectric",  "conductor-superconductor"  types,  and 
the  degree  of  influence  of  directed  change  in 
technological  factors  (correlation  between  sizes  of 
phase  particles,  wetting  angle  for  refractory  phase 
by  melt,  texture  in  packing  of  non-equiaxial 
particles  etc.)  on  the  critical  macrostructure 
parameters,  their  stability  and  the  nature  of  change 
in  principal  property  (permeability,  conductivity) 
near  percolation  threshold  is  analyzed.  It  can  be 
claimed  that  effective  methods  for  designing  and 
engineering  microstructure  have  been  developed 
for  this  class  of  nanophasc  composites.  The 
forecasting  of  mechanical  properties  of 
nanocomposites  (hardness,  strength,  fracture 
toughness,  plasticity)  and  designing  in  general 
case  the  structure  which  corresponds  to  optimum 
combination  of  those  properties  is  more 
complicated  and  unresolved  up  new  problem. 
However,  there  is  information  that  the  methods 
based  on  optimization  heterophase  structure  have 
been  successively  applied  to  increase  strength  and 
fracture  toughness  of  matrix  nanocomposites 
"plastic  phasc-highly-hard  nondeformable  phase". 
In  conclusion,  the  prospects  are  discussed  for 
wide  use  of  designing  and  engineering  the 
structure  of  nanophasc  materials  aimed  to 
purposeful  application  them  in  various  branches 
of  techniques  and  technology. 
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ELECTRON  BEAM  TECHNOLOGY  OF  INORGANIC  MATERIALS 
DEPOSITION  FROM  THE  VAPOUR  PHASE  IN  VACUUM  (EB-PVD)  - 

STATE  OF  THE  ART 


Movchan  B. 

International  Center  for  Electron  Beam  Technologies  of  the  E.O.Paton  Electric  Welding  Institute  of 

the  NAS  of  Ukraine,  Kiev,  Ukraine 


The  30ties  of  the  XXtli  century  marked  the  start 
of  application  of  electron  beam  heating  for 
material  evaporation  in  vacuum  and  deposition  of 
thin  films,  i.e.  the  start  of  electron  beam 
technology  of  physical  deposition  of  the  vapour 
phase  in  vacuum  (EB-PVD). 

The  processes  of  evaporation  (atomisation)  and 
subsequent  condensation  of  various  substances 
form  a  unique  technological  package,  allowing 
development  of  advanced  materials.  Materials, 
being  in  the  vapour  phase,  «do  not  know»  the 
laws  of  solubility.  Therefore,  simultaneously 
evaporating  several  materials,  mixing  their 
vapour  flows  and  then  condensing  them  on  a 
substrate,  allows  producing  such  structures  that 
are  very  difficult  or  impossible  to  implement  by 
other  methods. 

In  mid-60ties  equipment  for  high-rate  evaporation 
of  materials  in  vacuum  was  developed  on  the  base 
of  powerful  electron  beam  guns,  and  systematic 
studies  of  the  structure  and  properties  of  thick 
condensates  of  1  to  2  mm  thickness  were  begun 
[1].  Experimental  data  accumulated  so  far 
confirm  the  ability  to  produce  from  the  vapour 
phase  advanced  inorganic  materials  with  the 
specified  structure  and  properties:  amorphous  and 
nanocrystalline  materials  with  a  non-equilibrium 
structure,  including  diamondlike  carbon-based 
phases:  dispersion-strengthened,  microlaminate, 
microporous  and  functionally-graded  materials, 
based  on  metals,  alloys  and  ceramics.  Synthesis 
of  intermetal  lies,  refractory  compounds  and 
quasi-crystals  on  the  condensation  surface  is  also 
possible  [2-6]. 
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The  efficiency  of  the  modem  electron  beam 
evaporators,  consisting  of  3  to  4  sources 
(crucibles),  is  10  -  15  kg  of  vapour  per  hour.  The 
achieved  average  rates  of  metals  and  alloys  are 
equal  to  50  to  100  pm/min. 

Characteristically,  the  processes  of  evaporation 
and  condensation  allow  combining  material 
synthesis  in  deposition  on  a  substrate  with  other 
technological  requirements.  For  instance, 
depositing  the  vapour  flow  onto  a  surface  of  a 
specified  configuration,  it  is  possible  to  shape  the 
condensed  material  as  required.  Controlling  the 
condensate  adhesion  to  the  substrate  allows 
achieving  a  good  physical  contact  (adhesion)  on 
the  interface,  or,  contrarily,  creating  the 
conditions  for  separation  of  the  produced  material 
from  the  substrate. 

Condensed  materials  can  be  obtained  in  the  form 
of  relatively  thin  (10  -  150  pm)  coatings  on 
finished  items,  for  instance,  gas  turbine  blades; 
thick  (1  -2  mm)  structural  coatings,  having  the 
function  of  a  load-carrying  structural  element; 
semi-finished  products  (foil,  strip,  sheet);  blanks 
and  items  of  a  complex  shape  (for  instance, 
bodies  of  revolution);  billets  of  100  to  200  kg 
weight  for  subsequent  thermoplastic  treatment 
and  shaping  them  as  required  [5,6], 

It  should  be  also  noted  that  the  processes  of 
evaporation  and  condensation,  implemented  in 
vacuum  (10~3  -  10"2  Pa)  are  perfect  in  terms  of 
ecology,  as  they  practically  eliminate  harmful 
evolutions  into  the  environment. 

Aviation,  microelectronics,  power  engineering 
and  instrument-  making,  chemical  and  tool 


industry,  medicine  are  the  current  and  future  users 
of  these  materials  and  coatings. 

The  International  Center  for  Electron  Beam 
Technologies  of  the  E.O.Paton  Electric  Welding 
Institute  conducts  systematic  studies  and 
development  in  the  field  of  EB-PVD.  The  Center 
has  designed  and  is  manufacturing  laboratory, 
pilot  production  and  commercial  EB-PVD  units. 
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STRUCTURAL  LEVELS  OF  PLASTIC  DEFORMATION  AND  FRACTURE 

OF  SOLIDS 


Panin  V.E. 

Institute  of  Strength  Physics  and  Materials  Science,  SB,  RAS,  Tomsk,  Russia 


A  conventional  description  of  the  relationships 
governing  the  plastic  deformation  and  fracture  of 
solids  is  based  on  two  approaches: 

a)  Continuum  mechanics  (macroscale  level); 

b)  Dislocation  theory  (microscale  level). 

The  continuum  mechanics  and  physics  of  plas¬ 
ticity  and  strength  using  the  dislocation  theory 
make  use  of  the  force-model  methodology,  Fig.  1. 
It  is  generally  agreed  that  the  yield  strength  and 
work  hardening  of  the  material  above  the  yield 
point  should  be  calculated  to  describe  the  stress- 
strain  relation.  However,  the  plastic  deformation 
and  fracture  of  a  solid  under  load  are  due  to  its 
shear-stability  loss  in  local  regions  of  stress 
concentrators  of  different  scales.  These  processes 
are  inherently  relaxational  in  character  and  give 
rise  to  quite  another  scheme  of  plastic  deformation 
represented  in  Fig.  2. 

High-nonequilibrium  states  of  the  crystal  lattice 
occur  in  stress-concentrator  regions.  The  lattice  no 
longer  obeys  Hooke’s  law.  It  undergoes  a  local 
structural  transformation,  and  its  motion  towards 
equilibrium  occurs  as  a  synergetic  process.  The 
methodology  of  describing  plastic  deformation  and 
fracture  must  be  built  upon  synergetic  laws  [1]. 
This  idea  was  first  formulated  in  [2],  In  the  last 
two  decades  the  Institute  of  Strength  Physics  and 
Materials  Science  of  Siberian  Branch  of  the  Rus¬ 
sian  Academy  of  Sciences  has  been  developing  a 
new  approach  based  on  the  concept  of  the  struc¬ 
tural  levels  of  deformation  and  fracture  of  solids. 


Fig.  1.  A  conventional  approach  to  describe 
the  stress-strain  curve  in  the  force-model 
methodology 


Qualitatively  new  propositions  are  put  forward 
within  this  concept  [2-5]: 

1 .  Shears  found  in  a  solid  under  load  are  due  to 
the  local  shear-stability  loss  suffered  by  the  mate¬ 
rial  medium  and  may  occur  at  the  micro-,  meso-, 
and  macrolevels  as  a  local  change  in  the  original 
internal  structure,  Fig.  3. 

a)  Microlevel:  the  local  structural  transforma¬ 
tion  of  the  original  crystal  lattice  at  the  microlevel 
shows  itself  as  nucleation  of  dislocation  cores  and 
their  motion  in  a  stress-gradient  field. 

b)  Mesolevel:  the  local  stability  loss  suffered  by 
the  internal  structure  occurs  both  at  the  micro-  and 
mesoscale  levels;  this  effect  shows  up  as  meso- 
scale  localized-deformation  bands  propagating 
within  individual  conglomerates  of  internal- 
structure  elements  whose  self-organization  causes 
fragmentation  of  a  strained  specimen  at  the 
mesolevel. 

c)  Macrolevel:  a  loaded  solid  as  an  entity  suf¬ 
fers  a  global  shear-stability  loss,  which  is  evident 
as  the  formation  of  one  macroband  or  two  parallel 
(in  the  dipole  form)  or  conjugate  macrobands 
propagating  across  the  testpiece;  this  process  ends 
with  the  specimen  being  broken  down  into  two 
parts. 

2.  Shears  at  any  scale  level  may  occur  only  in 
local  regions  of  stress  concentrators  of  the  scale 
involved,  since  the  structure  of  a  loaded  solid,  on 
the  whole,  retains  its  shear  stability  when  acted 
upon  by  mean  applied  stresses. 


Fig.  2.  Stress-strain  curve  within 
the  methodology  of  local  shear-stability 
loss  at  different  structural  levels 
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Fig.  3.  Schematic  of  scale  levels  of  shear 
Stability  loss  in  deformed  solid. 


3.  The  lowest  shear  stability  in  a  loaded  solid  is 
found  within  its  free  surface.  Because  of  this,  the 
primary  elastoplastic  shears  originate  within  sur¬ 
face  layers  and  spread  along  the  direction  of 
maximum  tangential  stresses.  The  primary  stress 
concentrator  is  the  grip  of  a  testing  machine  (or  an 
external  load  point).  The  secondary  stress  concen¬ 
trators  caused  by  elastoplastic  shears  in  the  surface 
layers  of  the  material  undergo  relaxation  due  to 
generation  of  strain-induced  defects  of  varying 
scale.  The  latter  penetrate  into  the  bulk  of  the 
specimen  giving  rise  to  its  plastic  flow  and  frac¬ 
ture. 

4.  Shear  of  a  continuous  medium  with  a  con¬ 
strained  material  rotation  would  generate  a  bend¬ 
ing-torsion  zone.  This  creates  another  stress  con¬ 
centrator. 

5.  Being  a  relaxational  process  in  a  finite  elas- 
loplastic  medium,  shear  generates  damped  elastic 
(acoustic  emission)  and  elastoplastic  (damped  ine¬ 
lastic  oscillations  of  adjacent  shears)  self¬ 
oscillations. 

6.  Plastic  deformation  is  developed  according  to 
the  following  steps:  primary  stress  concentrator, 
relaxation  shear  with  a  constrained  rotation  respon¬ 
sible  for  the  formation  of  a  local  bending-torsion 


zone,  relaxational  shear  with  self-excited  elastic  or 
elastoplastic  self-oscillations,  etc.  The  self-excited 
wave  process  is  most  conspicuous  when  it  is  lo¬ 
calized  at  the  macroscale  level  alone.  In  the  gen¬ 
eral  case,  it  develops  at  several  interacting  scale 
levels.  This  accounts  for  the  multiple-scale  pattern 
of  localized  deformations. 

7.  Self-organization  of  shears  is  related  to  the 
self-consistency  of  shear-induced  elastoplastic  ro¬ 
tational  modes  and  bending-torsion  zones.  For  a 
given  axis  of  loading,  the  sum  of  rotation  and 
bending  torsion  is  zero  for  the  hierarchy  of  shears 
at  self-consistent  structural  levels  involved  in  plas¬ 
tic  deformation.  Violation  of  this  condition  gives 
rise  to  cracking  as  rotational  modes  of  deforma¬ 
tion. 

8.  The  global  shear-stability  loss  and  fracture 
are  observed  locally  at  a  macroscale  stress  con¬ 
centrator  and  determined  by  the  mechanics  con¬ 
trolling  the  development  of  macroscale  bands  of 
localized  deformation  associated  with  meso-  and 
microscale  relaxational  processes. 

9.  The  mechanisms  of  plastic  (low,  its  earners 
and  corresponding  stages  of  stress-strain  curves 
follow  the  law  of  similarity  or  scale  invariance 
principle. 

The  concept  of  the  structural  levels  of  deforma¬ 
tion  and  fracture  of  solids  has  proved  to  be  suc¬ 
cessful  in  the  cases  of  high-temperature  creep,  cy¬ 
clic  loading,  friction-couple  wear,  shock  loading, 
surface-hardening  and  coating  deposition  tech¬ 
nologies.  design  and  degradation  of  thin  films  and 
multilayer  materials  for  electronics  etc.  The  ap¬ 
proach  under  consideration  gives  rise  to  establish 
the  natural  relations  between  the  physics  of  dislo¬ 
cation-induced  deformation,  continuum  mechanics 
of  solids,  and  fracture  mechanics. 
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SEARCH  FOR  NOVEL  SUPERHARD  MATERIALS 

Novikov  N.V. 

Institute  for  Superhard  Materials  of  the  Ukrainian  National  Academy  of  Sciences,  Kiev,  Ukraine 


At  present  diamond  and  cubic  boron  nitride  are 
the  most  efficient  superhard  materials  for  abrasive 
machining  and  cutting  of  a  wide  spectrum  of 
inorganic  and  organic  materials.  Their  application 
areas  can  be  essentially  expanded  due  to  the 
structural  composite  superhard  materials  recently 
developed  at  the  ISM.  At  the  same  time  a  search  for 
novel  superhard  materials,  which  combine  high 
hardness  and  strength,  chemical  inertness  to  the 
workpiece  materials  and  relatively  low  cost,  remains 
urgent.  On  the  other  hand,  an  expensive  new 
superhard  material  can  also  find  its  niche  in  the 
market  if  its  unique  properties  offer  better 
performance  and  the  workpiece  material  cannot 
otherwise  be  economically  machined 

The  paper  reviews  the  fundamentally  new 
superhard  materials  developed  by  the  researchers  of 
the  Institute  for  Superhard  Materials  of  the  National 
Academy  of  Sciences  of  Ukraine  for  the  last  two 
years  and  discusses  the  prospects  of  producing  novel 
superhard  materials. 

NEW  SUPERHARD  PHASE,  CUBIC  BC2N 
Phase  transitions  of  graphite-like  BN-C  solid 
solutions  (g-BCxN)  were  studied  up  to  32  GPa  and 
3000  K  using  a  laser  heated  diamond  anvil  cell  and 
angle-dispersive  X-ray  diffraction  at  ESRF 
(Grenoble)  [1],  At  25.8  GPa,  the  heating  of  g-BCTN 
up  to  1600  K  is  not  accompanied  by  any  change  in 
the  diffraction  patterns  which  exhibit  only  a  broad 
line  in  the  region  of  111  reflections  of  diamond-like 
phases.  At  higher  temperatures,  the  profile  of  this 
broad  line  changes  to  a  rather  complicated  fine 
structure,  and  two  new  weak  lines  with  di,u  =  1.26 
and  1.09  A  (at  ambient  temperature)  also  appear. 
Finally,  above  2200  K  a  drastic  change  in  the 
spectrum  is  observed  (Fig.  1,  top  pattern),  which 
clearly  points  to  the  formation  of  a  new  phase.  The 
diffraction  pattern  of  the  quenched  sample  exhibits 
only  111,  220,  and  3 1 1  lines  of  the  cubic  lattice, 
which  indicates  that  the  sample  is  single-phase. 

Laser  heating  experiments  at  different  pressures 
have  shown  that  the  formation  of  c-BC2N  is  observed 
only  at  pressures  above  18  GPa.  At  14.5  GPa  and 
temperatures  above  2000  K  g-BC2N  decomposes  to 
form  a  mixture  of  cubic  boron  nitride  (cBN)  and 
diamond.  On  further  decrease  in  pressure  down  to 
11.0  GPa,  the  thermal  decomposition  of  g-BC2N 
proceeds  to  form  cBN  and  disordered  graphite. 
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Fig.  1.  Laser  heating  sequence  of  diffraction 
patterns  at  several  pressures  and  temperatures. 

The  lattice  parameter  of  c-BC2N  at  ambient 
conditions  is  a  =  3.642±2  A,  which  is  larger  than 
those  of  both  diamond  and  cBN. 

The  hardness.  Young’s  modulus,  fracture 
toughness  and  structure  of  this  phase  have  been 
examined  using  micro-  and  nanoindentation  and 
transmission  electron  microscopy.  The  hardness  and 
elastic  modulus  values  (E,  G)  of  the  c-BC2N  are 
intermediate  between  diamond  and  cubic  boron 
nitride,  which  makes  this  phase  the  hardest  known 
solid  after  diamond  (Table  1)  [2]. 

Table  1 


Hardness,  Young’s  modulus  and  fracture  toughness 
of  superhard  cubic  phases  of  the  B-C-N  system  at 
room  temperature 


Material 

Hv 

Hk 

Hv 

E 

K,t 

(GPa 

(GPa 

(GPa 

(GPa) 

(MPa 

) 

) 

) 

m12) 

c-BC2N 

76(4) 

55(2) 

75(3) 

980(4 

0) 

4.5(4) 

Cubic  BN 

62(3) 

44(3) 

55(2) 

909 

3.0(3) 

Diamond 

115 

63 

1141 

5 

COMPOUNDS  OF  THE  B-B203-BN  AND 
Mg-Al-B  SYSTEMS. 
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The  electronic  structure  of  a  boron  atom  is 
responsible  for  special  features  of  this  element  and  its 
properties  as  well  as  for  its  ability  to  form  high¬ 
hardness  compounds.  In  the  last  few  years  the 
compounds  of  boron  with  oxygen  have  attracted 
considerable  interest.  At  the  Institute  for  Superhard 
Materials,  the  conditions  of  formation,  crystalline 
structure  and  properties  of  individual  phases  in  the 
B-B203-BN  system  have  been  studied  at  high 
temperatures  and  pressures  (1300  -  2300  K,  4.0  - 
7.0  GPa).  It  has  been  found  that  the  preparation  of  a 
new  superhard  phase  of  the  B6OxNy  composition  with 
hardness  HVo,49ii  that  may  be  as  great  as  47  GPa. 

A  possibility  of  obtaining  a  novel  ceramic 
superhard  material  by  hot  pressing  has  been  shown 
by  the  AMES  Laboratory  (USA).  The  chemical 
composition  of  the  resultant  material  approximately 
corresponds  to  the  AlMgB,4  +  X  formula,  where  X  is 
BN,  AIN,  Si  and  some  other  additives,  which  greatly 
increase  the  material  hardness  [3],  The  production 
technology  requires  specific  particle  size  and  quality 
of  the  initial  materials,  and  for  protective  medium. 
Sintering  time  is  60  min  [4],  Depending  on  the 
production  conditions  and  additives,  the  resultant 
material  hardness  ranges  from  35  to  42  GPa. 

At  the  Institute  for  Superhard  Materials  of  the 
National  Academy  of  Sciences  of  Ukraine,  an 
AlMgB)4-based  superhard  material  has  been 
developed  under  high  pressures  and  temperatures. 
The  material  is  characterized  by  an  orthorhombic 
structure  and  the  following  crystal  lattice  parameters: 
a  =  5.8368  A,  b  =  8.1176  A  and  c  =  10.3073  A  [4], 
The  use  of  high-pressure  technique  has  allowed  us  to 
essentially  simplify  the  technologies  of  preparation  of 
the  initial  mixture  and  making  the  material  as  well  as 
to  intensify  the  synthesis.  The  optimization  of  the 
chemical  composition  and  conditions  of  making  has 
ensured  stable-in-quality  samples  of  the  new 
superhard  material.  Table  2  compares  the  hardness  of 
the  novel  material  with  that  of  other  superhard 
materials. 

Table  2 


Hardness  of  superhard  materials 


Material 

Hardness,  Hv 
(GPa) 

Note 

A1B,2 

25-26 

AlMgB14 

32-35 

AlMgBi4  +  X 

35-42 

hot  pressing, 

60  min. 

AlMgB]4 

39-43 

6.5  GPa, 

(ISM) 

1800  K,  5  min. 

Superconductive  (SC)  properties  of  MgB2  have 
been  revealed  in  January  2001.  The  influence  of  Ta 
addition  on  critical  current  density  (jf)  and 
irreversible  field  (Hjrr)  of  high-pressure  (HP) 
synthesized  and  sintered  MgB2  has  been  first  studied 
in  the  ISM.  2-10  wt.%  addition  of  Ta  allowed  us  to 


synthesize  nanostructure  multiphase  MgB2-based 
material  (at  2  GPa,  800-900  °C  for  lh)  with  highest 
SC  characteristics  (jc  and  Hirr)  that  have  been  ever 
reported  for  bulk  MgB2.  jc  in  1  T  field  were: 
570  kA/cm2  at  10  K,  350  kA/cm2  at  20  K  and 
40  kA/cm2  at  30  K  and  in  10  T  field  -  650  A/cm2  at 
10  K.  In  synthesis  and  sintering  processes,  Ta  plays 
the  role  of  an  absorbent  of  impurity  gases  (H,  N,  O 
etc.)  and  forms  Ta2H,  TaH,  TaNo.i,  Ta-0  compounds 
etc.,  thus  promotes  the  reduction  of  MgH2  in  Mg-B- 
O-matrix  phase  as  well  as  of  the  impurity  N  and  O  in 
MgB2  single  crystals  distributed  over  the  matrix.  For 
the  first  time  have  been  estimated  the  hardness  of 
MgB2  single  crystals  HB=  35.6±  0.9  GPa,  that 
occurred  to  be  higher  than  that  of  sapphire 
HB=31.1±2.0  GPa 

CARBON  NITRIDE  C3N4 

A  material  produced  by  using  a  Na  flux  method 
and  chemical  reaction  between  sodium  azide  and 
hexachlorobenzene  and  having  a  structure  consisting 
of  a  three-dimensional  network  of  covalently  bonded 
C  and  N  atoms  is  experimentally  demonstrated  at 
NIMS  (Tsukuba)  to  exist  as  a  single  crystalline  phase 
at  high  pressure  (7.7  GPa)  and  temperature  (700  °C). 
Experimental  lattice  constants  of  the  observed 
crystalline  phase  (a  =  6.58±0.05  A  and  c  =  2.49±0.02 
A)  arc  in  good  agreement  with  ab-initio  calculations 
for  C3N4.  The  bulk  modulus  of  the  hard  phase 
produced  was  estimated  to  be  460  GPa,  which  is 
comparable  with  that  of  diamond  (443  GPa).  These 
results  open  new  possibilities  for  study  of  real  carbon 
nitride  properties  and  comparison  with  diamond 
properties. 

Thus,  there  is  a  good  reason  to  aim  the  further 
search  for  superhard  materials  at  both  developing 
new  compounds  in  the  B-C-N-0  quaternary  system 
of  light  elements  and  at  synthesizing  borides  of 
magnesium  and  aluminum  as  well  as  silicon, 
phosphorus  and  sulfur  compounds. 
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PRODUCTION  TECHNOLOGY  HIGH-TEMPERATURE 
CARBON/CARRON-SILICON  CARBIDE  COMPOSITES 


Kostikov  V.L,  Chernenko  N.M. 
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Structural  Materials”  -  FGUE  “NIIGrafif ’,  2  Electrodnaya  Str.,  Moscow  111141,  Russia; 
E-mail:  grafit@aha.ru;  Tel./Fax:  7  (095)  176-2988 


A  production  technology  has  been  developed 
for  high-temperature  heat-resistant  composites 
based  on  a  carbon-silicon  carbide  matrix 
reinforced  with  carbon  fibers.  The  process  of 
obtaining  the  composite  is  realized  via  a 
successive  thermochemical  conversion  of  a 
polymeric  coke-forming  matrix  of  a  starting 
carbon  plastic  into  a  carbon  matrix  with  an 
open  porosity  of  transport  type  which  in  its 
turn,  is  trans-formed  into  a  carbon-silicon 
carbide  matrix  by  capillary  impregnation  with 
liquid  silicon  and  conversion  of  carbon  into 
silicon  carbide.  To  prevent  the  interaction 
between  the  liquid  silicon  and  the  reinforcing 
fiber,  onto  the  internal  surface  of  a  carbon- 
carbon  preform  there  is  applied  a  silicon 
carbide  film,  a  diffu-sion  barrier  against 
diffusion  of  carbon  into  liquid  silicon  which 
ensures  the  selectivity  of  interaction  of  liquid 
silicon  with  carbon-carbon  preform 
components  through  varying  their  chemical 
reactivity. 


For  the  bulk  infiltration  of  a  carbon  matrix  of 
the  carbon-carbon  preform  with  liquid  silicon, 
there  are  suggested  a  novel  principle  and  a 
production  process  based  thereon  for 
obtaining  a  carbon  matrix  the  pore  structure 
whereof  is  characterized  by  prevailing  open 
porosity  of  transport  type.  And  pyrolized  is  a 
coke-fomiing  matrix  (mixture)  in  the  form  of 
interpenetrating  polymer  networks  of  its 
components,  at  least,  one  whereof  is  gasified 
under  carbonization  without  forming  a  carbon 
residue  and  forms  in  the  carbon  matrix  being 
produced  intercommunicating  channel  pores 
of  open  type. 

The  resulting  structural  carbon/carbon-silicon 
carbide  composite  has  high 
physicomechanical  proper-ties  in  an  oxidizing 
medium  up  to  the  temperature  of  1700  °C  at 
which  its  high-temperature  strength  is  1,5 
times  as  high  as  the  corresponding  indices  at 
room  temperature. 
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METALLIC  AEROSPACE  MATERIALS  WITH  EXCEPTIONAL 
STRUCTURAL  EFFICIENCY 
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(l)  Frantsevich  Institute  for  Problems  of  Materials  Science  of  NAS  of  Ukraine,  Kiev, Ukraine 


Research  and  development  in  the  aerospace 
industry  has  displayed  revitalized  interest  in 
structural  metals  with  high  specific  strength  and 
stiffness.  Specific  strength  and  stiffness  arc  the  two 
most  pervasive  material  characteristics  in  the 
design  of  aerospace  systems,  controlling  the 
system  configuration  as  well  as  the  size  and 
spacing  of  nearly  every  structural  component. 
Metallic  materials  with  increased  specific 
properties  can  provide  performance  improvements 
by  decreasing  system  weight  through  reduced 
component  mass  and  more  efficient  system  design. 
Since  system  weight  often  controls  the  ability  to 
achieve  advanced  aerospace  missions  (as  in 
hypersonic  and  trans-atmosphcric  missions), 
structural  weight  is  sometimes  an  enabling 
consideration.  Thus,  metallic  materials  with  high 
structural  efficiency  can  provide  enabling  mission 
capabilities  by  enabling  structural  minimization, 
which  may  be  achieved  by  advanced 
methodologies  of  systems  design  and  construction. 
Highly  unitized  construction  is  one  such  example 
that  has  been  accomplished  with  expensive 
graphite/epoxy  systems,  but  has  not  been  widely 
practiced  with  current  metallic  materials  due  to 
their  lower  specific  properties.  Metallic  materials 
with  high  specific  properties  are  also  enabling  for 
the  expanding  US  Air  Force  emphasis  on  access 
and  utilization  of  space.  In  addition  to 
improvements  in  system  capabilities,  these 
materials  will  also  impact  affordability  by  reducing 
the  number  of  parts,  and  hence  the  significant  cost 
associated  with  system  assembly.  The  number  of 
parts  is  reduced  by  increased  component  spacing 
and  by  unitized  construction.  By  adding  good 
strength  retention  at  moderate  temperature  (up  to 
200°C.  and  in  some  cases  up  to  300°C)  to  high 
specific  strength  in  candidate  Al-based  materials, 
replacement  of  Ti  structures  can  become  feasible, 
with  further  reductions  in  system  weight  and  cost. 

Metallic  composites  offer  significant  increases  in 
specific  stiffness  relative  to  the  matrix  alloy 
(Figure).  Discontinuously  reinforced  A1  (DRA) 
possesses  specific  stiffness  values  more  than 
double  those  of  conventional  A1  alloys.  Although  a 
high  volume  fraction  of  reinforcements  arc 


required  to  achieve  these  levels  of  stiffness,  more 
modest  reinforcement  levels  still  provide  an 
increase  of  up  to  50%  in  stiffness,  while  retaining 
good  ductility  and  toughness.  DRA  relies  upon 
agc-hardenablc  A1  alloys,  and  the  maximum  use 
temperature  is  limited  to  ~150°C,  similar  to 
conventional  A1  alloys.  Amorphous  and 


Specific  Ultimate  Strength  (MPa/Mg/m3) 

nanocrystalline  A1  alloys  provide  significant 
improvement  in  specific  strength,  but  provide  no 
improvement  in  specific  stiffness.  DRA  is  now  a 
commercial  material  with  a  wide  range  of 
applications,  while  amorphous  and  nanocrystalline 
A1  alloys  are  still  in  the  research  and  development 
stage. 

F.fiorts  to  develop  structural  materials  with  specific 
strength  and  stiffness  higher  than  conventional 
metals  and  DRA  are  now  being  undertaken  as  a 
joint  activity  between  scientists  at  the  Frantsevich 
Institute  for  Problems  of  Materials  Science  (IPMS) 
and  the  Materials  and  Manufacturing  Directorate 
of  the  US  Air  Force  Research  Laboratory  (AFRL). 
The  objectives  are  to  increase  the  maximum 
operating  temperature  of  Al-based  metals  from  the 
current  limit  of  -150°C  to  ~200°C.  Approaches 
include  the  introduction  of  thermodynamically 
stable,  coherent  precipitates  in  A1  alloys.  Additions 
of  Sc  produce  coherent  Af-.Sc  particles  that  range 
in  size  from  5-25  nm.  and  are  very  effective  in 
strengthening  A1  alloys.  In  addition,  Sc  is  a  potent 
grain-refining  agent,  and  also  inhibits 
recrystallization.  Hypo-eutectic  additions  of  Sc  are 
being  pursued  to  provide  dramatic  improvements 
in  strength  below  150°C,  due  to  the  formation  of 
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secondary  Al3Sc  particles,  and  hyper-eutectic 
levels  of  Sc  are  added  to  provide  obtaining  fine 
grain  polyhedral  structure  in  as  cast  conditions  due 
to  primary  Al3Sc  particles. 

The  very  effective  way  to  increase  the  mechanical 
properties  of  A1  alloys  is  the  complex  alloying  by 
Sc  and  transition  metals  (Zr,  Ti,  Hf,  V,  Nb  etc.). 
The  addition  of  Sc  to  alloys  of  Al-Zn-Mg  system 
made  possible  to  increase  the  concentration  of  Zn 
in  these  alloys  (up  to  10%)  and  to  increase  strength 
without  decreasing  plasticity.  It  was  shown  that 
these  alloys  may  be  welded. 

The  increase  of  the  high  temperature  strength  of  A1 
alloys  was  achieved  by  using  the  PM  technology 
that  makes  possible  to  obtain  a  non -equilibrium 
state  of  material.  The  quasiciystalline  particle  of 
50-100  nm  in  diameter  were  introduced  to  A1 
matrix  by  this  way.  These  particles  are  stable  up  to 
400°C,  and  A1  alloys  of  such  type  may  used  at 
elevated  temperatures  to  300°C. 

Other  approaches  to  produce  improved  properties 
in  Al-based  materials  include  the  exploration  and 
characterization  of  novel  Al-based  intermetallic 
eutectic  alloys. 

This  way  makes  possible  to  increase  both  specific 
stiffens  and  specific  ultimate  strength. 

Important  efforts  to  establish  joining  technologies 
are  being  pursued  through  collaboration  with  the 
E.O.  Paton  Electrowelding  Institute. 


As  shown  in  Figure,  discontinuously  reinforced  Ti 
(DRTi)  can  provide  simultaneous  improvement  in 
both  specific  strength  and  specific  stiffness.  Only 
limited  data  is  available  in  the  literature  for  this 
new  class  of  materials.  The  joint  program  between 
IPMS  and  AFRL  is  focusing  on  in-situ  eutectic  Ti- 
based  alloys.  The  Ti-Si  and  Ti-B  systems  are  both 
being  investigated.  A  deep  eutectic  reaction  in  the 
Ti-Si  system  produces  an  in-situ  microstructure 
containing  alpha  and/or  beta  Ti  reinforced  with  Ti- 
silicide  phases.  A  similar  eutectic  reaction  in  the 
Ti-B  system  produces  TiB  reinforcements  in  a  Ti 
alloy  matrix.  The  eutectic  reactions  provide  the 
possibility  of  a  refined  cast  microstructure,  so  that 
subsequent  ingot  breakdown  and 
thermomechanical  processing  is  more  easily 
accomplished.  Cast,  wrought,  and  powder 
metallurgy  approaches  are  all  being  pursued  on  the 
joint  IPMS/ AFRL  collaboration. 

The  overall  objectives,  approaches  and  results 
from  this  joint  collaboration  will  be  presented  and 
discussed.  Both  Al-based  and  Ti-based 
technologies  will  be  described. 

The  authors  would  like  to  acknowledge  funding  of 
this  project  from  the  US  Air  Force  Office  of 
Scientific  Research,  and  the  assistance  of  the 
Science  and  Technology  Center  of  Ukraine. 
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MICRO-  AND  NANOSTRUCTURED  METAL  -  BASED  MATERIALS  AND 
THEIR  ULTIMATE  MECHANICAL  PROPERTIES 

Firstov  S. 

Frantsevich  Institute  for  Problems  of  Material  Science,  NASU,  Kyiv,  Ukraine 


Up-to-date  technologies  allow  controlling  the  size 
of  structural  elements  (grains,  subgrains,  cells, 
blocks,  fragments  etc.)  in  a  wide  range  including 
nano-size  and  transition  in  amorphous  state  as  a 
limit.  In  particular  it  is  possible  to  realize  with 
severe  plastic  defonnation  or  deposition  from 
gaseous  phase.  Strengthening  at  severe  plastic 
deformation  may  be  expressed  as 

Ac(e)  =Kd',n(e) 

Where  m  is  Vi  orl  in  dependence  on  temperature 
of  deformation,  size  of  structural  elements  b  and 
their  disorientation. 

At  big  plastic  deformations  a  change  of  “d”  is  not 
controlled  by  Taylor-Polany  law  and  may  be 
determined  (for  e  >  e0)  as 

d(e)=do/l+a(e-c0), 

Where  e0  is  defonnation  that  corresponds  to 
beginning  of  linear  stage  of  hardening,  d0  is  a  size 
of  deformation  cells  at  e0. 

It  has  been  also  demonstrated  that  the  severe 
plastic  deformation  results  not  only  in  the  high 
strain  hardening  of  the  bcc  metals,  but  also  in 
decreasing  of  the  temperature  of  the  brittle-ductile 
transition.  This  effect  is  based  on  the  formation  of 
the  disoriented  cell  structure  (practically 
superfine-grained  structure). 


It  has  been  found  that  the  theoretical  strength  can 
be  reached  at  the  d=0,02pm  assuming  that  the 
mechanism  of  plastic  defonnation  remains 
changeless  with  the  cell  refining. 

Some  specific  values  of  structural  elements 
corresponding  to  changes  of  mechanisms  of 
deformation  or  hardening  may  be  determined. 
Namely,  at  sizes  d>  1  pm  nv=l/2  hardening  is 
described  by  the  Hall-Pctch  equation.  At  d<  1  pm 
hardening  is  intensiver  at  the  “d  “  decrease  and 
m~l. 

Obviously,  the  next  critical  size  must  be  in  area  of 
nanosizes  (  d<  50  mn).  Here  the  stress  when 
dislocation  source  could  be  switched  on  is  close  to 
theoretical  strength  at  shear.  As  it  was  shown  in  a 
few  works,  weakening  at  grain  size  decrease  may 
be  noted  in  the  area  of  sizes  named.  As  the 
possible  reason  is  an  increase  of  volume  of  “bad” 
material  (  volume  of  interfaces,  triple  points,  etc.) 
as  well  as  transition  to  intergranular  mechanisms 
of  deformation  and  fracture. 

Meanwhile  polycomponent  materials  (consisting 
of  two  and  more  kinds  of  atoms)  can  be 
strengthened  with  increase  of  interface  strength. 
For  this  hardening  both  difference  of  atomic  sizes 
of  basic  and  alloying  elements  and  possibility  of 
introducing  of  “useful”  admixtures  creating  strong 
interatomic  ties  with  atoms  of  basic  materials  are 
recommended. 
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HIGH-STRENGTH  ALUMINUM-BASED  ALLOYS 

Milman  Yu.V. 

I.M.Frantsevych  Institute  for  Problems  of  Material  Science, 
Ukrainian  Academy  of  Sciences,  Kiev,  Ukraine 


The  pure  aluminum  is  the  very  soft  metal  with 
hardness  210  MPa  and  yield  stress  10-15  MPa.  But 
the  modem  methods  of  alloying  made  possible  to 
increase  hardness  of  A1  alloys  to  2200  MPa,  yield 
stress  to  700  MPa  and  ultimate  tensile  stress  to  800 
MPa.  High  strength  characteristics  of  these  alloys 
are  combined  with  plasticity  to  fracture  5-15  % 
that  is  enough  for  the  practical  use.  This  dramatic 
increase  of  strength  has  been  possible  due  to  very 
high  plasticity  of  pure  A1  (which  has  FCC 
structure)  and  due  to  fundamental  theoretical  and 
experimental  investigations  in  the  theory  of 
alloying  and  physics  of  strength  and  plasticity. 

The  alloys  of  Al-Zn-Mg-Cu  system  have  the 
higher  strength  characteristics  among  wrought  A1 
alloys.  These  alloys  are  the  basic  structural 
materials  for  aerospace  engineering.  Their 
strengthening  is  due  to  a  very  fine  precipitation  of 
p '-phase,  which  is  enriched  with  Zn  and  Mg.  The 
strength  of  these  alloys  increases  when  the 
concentration  of  Zn  increases.  However,  an 
increase  in  the  concentration  of  Zn  above  7% 
leads  to  a  dramatic  decrease  in  fracture-related 
properties  as  well  as  deterioration  of  weldability 
and  corrosion  resistance.  It  was  recently  found 
that  mechanical  properties  of  these  alloys 
containing  up  to  6-7%Zn  can  be  improved 
considerably  by  addition  of  small  amounts  of  Sc 
and  Zr  [1-3]. 

A  diverse  effect  of  alloying  with  Sc  and  Zr  is 
stipulated  by  specific  properties  of  the 
Al3(Sc!.xZrx)  intermetallic  phase  that  forms  fine 
coherent  precipitates  in  the  A1  matrix.  These 
coherent  particles  are  very  stable  upon  heating  due 
to  low  solubility  and  diffhsivity  of  Sc  and  Zr  in  the 
A1  matrix  and  low  interface  energy.  Combined 
alloying  with  Sc  and  Zr  in  the  amount  as  low  as 
0.2%  refines  microstructure  of  casting  and  welding 
[2],  improves  workability  and  deformability  of 
castings  [3,  4],  leads  to  formation  of  a  very 
uniform  and  fine  cellular  dislocation  structure  in 
wrought  products,  and  impedes  recrystallization 
during  heat  treatment  due  to  the  obstacle  action  of 
the  coherent  particles.  The  last  two  factors 
facilitate  an  increase  in  strength  and  ductility  of 
these  wrought  alloys  in  T6  or  T7  conditions. 


It  has  been  shown  that  alloying  by  additions  of 
Sc  and  Zr  made  possible  to  increase  concentration 
of  the  main  alloying  element  Zn  [5]. 


b 

Figure  1 .  Image  in  a  transmission  electron 
microscope  of  Al3(Sci_xZrx)  particles  in  as-cast 
Al-6.8Zn-l.3Mg-0.12Zr-0.05Sc  (wt.%)  alloy 
subjected  to  the  homogenisation  at  470°C  during  3h: 
a)  light-field  image,  foil  plane  (110),  the  forming 
reflection  g=  [002];  b)  dark-field  image,  foil  plane 
(110), g=  [001]  Al3Sc 

For  example,  in  the  alloy  Al-12.0Zn-3.3Mg- 
1 .2Cu-0.13Zr-0.4Mn-0.49Sc  high  mechanical 
properties  were  obtained,  i.e.  YS  =  790  MPa  and 
UTS  =  820  MPa.  This  high  strength  was  achieved 
due  to  additional  combined  alloying  with 
transition  metals,  such  as  Sc,  Zr,  Cr  and  Mn, 
which  retard  recrystallization  during  heat 
treatment  and  retain  cellular  dislocation  structure 
of  deformed  material,  with  a  dislocation  cell  size 
of  1-2  pm.  This  non-recrystallized  structure  is 
more  ductile,  because  brittle  fracture  along  grain 
boundaries  is  not  developed.  An  addition  of  Sc  in 
combination  with  Zr,  Mn  and  Cr  increases  the  size 
of  p'-particles,  leading  to  an  increase  in  ductility. 
A  decrease  in  strength  accompanying  this  growth 
is  compensated  and  even  exceeded  by  contribution 
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of  small  A^CSci.sZrx)  coherent  particles  to 
hardening. 

The  main  beneficial  effect  of  alloying  with  Sc 
in  combination  with  Zr  is  the  possibility  of 
increasing  the  concentration  of  Zn  without  loss  in 
ductility.  An  additional  alloying  with  Cr  was 
shown  to  decrease  the  size  of  rj '-particles  to  about 
3  nm,  which  was  not  accompanied  by  a  drop  in 
ductility. 

It  was  shown  [6]  that  additions  of  Sc  increase 
the  resistance  of  A1  and  its  high-strength  alloys 
against  general  and  pitting  corrosion  in  the  sea 
water. 

Al-Zn-Mg-Cu  alloys  containing  Sc  may  be 
used  even  at  cryogenic  temperatures  where  these 
alloys  have  good  combination  of  strength  and 
ductility  [7]. 

The  high-strength  Al-Zn-Mg-Cu  alloys  may 
be  produced  not  only  by  casting,  but  by  PM 
technology  as  well.  The  special  equipment  for 
water  atomization  of  A1  alloys  by  high-pressure 
water  (up  to  200  kbar)  has  been  elaborated. 
Cooling  rate  during  producing  powders  by  this 
technology  may  be  up  to  10°  K/c.  The  PM 
technology  makes  possible  to  increase  plasticity  of 
high-strength  Al-Zn-Mg-Cu  alloys  without  Sc 
additions  [8-10], 

The  best  A1  wrought  alloys  for  elevated 
temperature  application  were  obtained  using 
dispersion  strengthening  by  quasicrystalline 
particles  15-50  nm  in  diameter  with  volume 
fraction  70-90  %  in  A1  matrix  (Fig. 2)  [11], 


Figure  2.  Quasicrystalline  particles  in  Al^FejCr/fb 
melt-spun  ribbon,  dark  field  image 


We  have  used  in  our  experiments 
quasicrystalline  phase  Alg^FeyCpoTFs.  For  the 
alloy  of  Al-Fe-Cr-Ti  system  obtained  by  rapid 
solidification  technique  with  the  following 
compacting  of  powders  the  strength  at  300  °C  was 
more  than  300  MPa,  that  corresponds  to  the  air¬ 
force  goal  level.  The  structure  and  mechanical 
properties  of  these  alloys  are  stable  up  to  400  °C. 


Our  investigations  have  shown  that 
quasicrystalline  phases  may  be  fonned  in  the 
processing  of  different  A1  alloys,  especially 
containing  Sc. 

The  high-strength  cast  alloys  with  good 
castability  and  increased  mechanical  properties 
were  elaborated  on  the  base  of  eutectic 
composition  Al-13vol.%Mg2Si  with  additional 
alloying  by  transition  and  rare-earth  metals  [12, 
13], 

The  development  of  this  direction  is  the 
elaboration  of  cast  eutectic  alloys  in  the  system 
Al-Ti-Cr,  containing  Lli  phase.  These  alloys  have 
higher  melting  point  (1275  °C),  essential  ductility' 
in  compression  tests  and  high  hardness  and 
strength  up  to  800  °C  [14], 

1.  Senatorova  O.G.,  Uksusnikov  A.N.,  Legoshina  S.F., 
Fridlyander  I.N.  and  Zhcgina  J.P.//  Mater.  Sci.  Forum, 

2000.  -  331-337. -P.  1 249. 

2.  Davydov  V.G.,  Yelagin  V.I.,  Zakharov  V.V.  and 
Rostova  T.D .//  Metaliovcdenie  i  Termicheskaya 
Obrabotka  Metallov,  1996.  -  8.  -  P.25. 

3.  Milrnan  Yu.V.,  Lotsko  D.V.  and  Sirko  O.l.//  Mater. 
Sci.  Forum  ICAA7,  2000.  -  331-337.  -  P.l  107. 

4.  Eskin  G.I.//  Technologia  Legkikh  Splavov,  2000.  -  2. 
-P.17. 

5.  Milrnan  Y.V.,  Sirko  A.I.,  Lotsko  D.V.,  Senkov  O.N. 
and  Miracle  D.B.//  Mater.Sci.Forum  ICAA8,  2002.  - 
396-402. -P.1217. 

6.  Vyzovikina  N.,  Milrnan  Yu.,  Sirko  A.//  Problems  of 
Corrosion  and  Corrosion  Protection  of  Materials, 
Physico-chemical  Mechanics  of  Materials,  special  issue 
No. 3,  Lviv,  2002.  -  P.554. 

7.  Senkov  O.N.,  Miracle  D.B.,  Milrnan  Y.V.,  Scott 
J.M.,  Lotsko  D.V.  and  Sirko  A. I.  //  Mater.Sci.Forum 
ICAA8,  2002.  -  396-402.  -  P.  1 1 27. 

8.  Neikov  O.D.  //  Proc.  of  2000  Powder  Metallurgy 
World  Congress,  Kyoto,  Japan,  2000.  -  Part  1 .  -  P.464. 

9.  Neikov  O.D.,  Milrnan  Yu.V.,  Miracle  D.B.,  Lotsko 
D.V.,  Sirko  A.I.,  Yefimov  N.A.  //  Proc.  of  PM2001, 
Nice,  France,  2001 .  -  2.  -  P.219. 

10.  Neikov  O.D.,  Lotsko  D.V.,  Sirko  A. I.,  Sameljuk 
A.V.,  Thompson  G.E.,  Zakharova  N.P.,  Yefimov  N.A. 
//  Mater.Sci.Forum  ICAA8,  2002.  -  396-402.  -  P.1223. 

11.  Milrnan  Yu.V.,  Lotsko  D.V..  Neikov  O.D.,  Sirko 
AT,  Yefimov  N.A.,  Bilous  A.N.,  Miracle  D.B.  and 
Senkov  O.N.  //  Mater.Sci.Forum  ICAA8,  2002.  -  396- 
402. -P.723. 

12.  Barabash  O.M.,  Legkaya  T.N.,  Sylzhenko  O.V., 
Korzhova  N.P.//  Metallofiz.  Novcishie  Tckhnol.,  1999. 
-2L~No.5-P.24. 

13.  Barabash  O.M..  Milrnan  Yu.V.,  Voskoboinik  I.V., 
Korzhova  N.P.,  Legkaya  T.N.  //  Functional  Materials, 

2001.  -8. -No.L  -  P.159. 

14.  Milrnan  Yu.V.,  Miracle  D.B.,  Chugunova  S.I., 
Voskoboinik  I.V.,  Korzhova  N.P.,  Legkaya  T.N., 
Podrezov  Yu.N.//  Intermetallics,  2001.  -  9.  -  P.839. 


16 


PLENARY  SESSION 


INFLUENCE  OF  PYRAMID  ENERGY  ON  STRUCTURE  AND  PROPERTIES 

OF  ALUMINIUM  ALLOYS 

Antsiferov  V.,  Ragozin  Y.(1),  Porozova  S.,  Tichonov  A.(1) 

Research  Center  Powder  Materials  Science,  Penn,  Russia 
(1)Penn  State  Technical  University,  Russia 


Academician  P.Capitsa  said  "Science  relates  to 
that  is  impossible,  while  the  possible  is  just  a  tech¬ 
nology".  It  is  "impossible"  this  work  is  devoted  to- 
research  of  pyramid  field  (energy)  influence  on  a 
structure  and  properties  of  aluminium  alloys. 

Today  number  of  studies  has  sharply  grown,  in 
which  the  attention  is  focused  on  unusual  proper¬ 
ties  of  pyramids.  And  though  a  modem  hardware 
fails  to  determine  the  characteristics  of  pyramid 
energy,  numerous  phenomenal  effects  on  both 
organized  matter  and  abiotic  environment  were 
discovered.  To  the  last  objects  are  belonging  those 
which  are  undoubtedly  to  be  of  interest  for  special¬ 
ists.  For  example,  polluted  jewelry  and  coins  are 
self-cleaned,  the  shaving  edges  become  as  new 
(this  method  of  sharpening  even  was  patented),  the 
common  salt  crystals  of  unusual  shape  grow  under 
pyramid,  also,  colloid  solutions  are  unusually  sepa¬ 
rated,  spontaneous  charge  of  condensers  occurs, 
the  temperature  threshold  of  superconductivity 
changes  and  so  on.  Is  it  astonishing?  Yes!  But  an¬ 
other  is  also  surprising:  this  exotics  did  not  become 
commonly  accepted,  "effect"  of  pyramid  still  has 
no  trust.  Apparently,  further  in-depth  researches 
using  modem  methods  and  hardware  are  required. 
Such  investigations  started  in  several  research  or¬ 
ganizations.  including  in  Penn. 

In  this  work  the  influence  of  aging  conditions 
on  microstructure  of  B  124  cupriferous  silumin, 
filtered  through  various  filters,  was  studied.  Aging 
of  the  hardened  alloy  was  carried  out  according  to 
three-case  studies:  1st  case  -  aging  for  1  month  in 
natural  conditions,  2nd  case  -  aging  for  1  month  in 
conditions  of  pyramid  influence,  and  3d  case  -  ag¬ 
ing  for  3  hours  at  250  °C.  Study  of  samples  micro¬ 
structure  and  photosynthesis  was  conducted  with 
Neophot-21  optical  microscope.  Microradio¬ 
graphic  spectral  analysis  was  performed  with 
MAP-2,  and  X-ray  structure  analysis  with  R.POH- 
3M  diffractometer  in  cobalt  radiation.  The  analysis 
of  results  of  the  performed  research  has  shown  that 
the  aging  in  conditions  of  pyramid  influence  is  ac¬ 
companied  with:  a)  sharp  decrease  of  copper  con¬ 
tent  in  an  aluminium  solid  solution;  b)  increase  of 
dissolved  iron  and  manganese;  c)  reduction  of  free 
silicon;  d)  more  coarse  micro  structure  with  forma¬ 
tion  of  extended  lamellar  and  branched  skeletal 


phases,  which  are  composed,  according  to  the  data 
of  microradiographic  spectral  analysis,  of  silicon 
and  copper  without  iron  and  manganese. 

So  deep  change  of  structure  when  aging  in  the 
pyramid  field  should  be  accompanied  with  respec¬ 
tive  alteration  of  mechanical  properties.  This  as¬ 
sumption  was  tested  by  research  offl(16  aluminium 
alloy  -  after  a  hardening  it  was  subjected  to  a  natu¬ 
ral  aging  under  usual  conditions  and  in  a  field  of 
pyramid.  It  was  established  that  in  the  first  case  of 
aging  the  mechanical  characteristics,  having 
reached  the  optimum  value  (after  some  time  of 
aging),  further  do  not  change,  while  at  aging  in  a 
pyramid  field  a  process  occurs  similar  to  a  process 
observable  at  artificial  aging. 

Strength  properties,  having  reached  a  maxi¬ 
mum  at  optimum  time  ofaging-100  hours,  further 
essentially  decrease  (-1.3  times).  And  the  defor¬ 
mation  process  of  the  samples  having  the  maximal 
strength  is  accompanied  with  unusual  effects:  de¬ 
formation  curve  has  the  steps  of  loading  (incre¬ 
ments)  and  several  yielding  teeth. 

From  the  above  data  it  can  be  concluded  that 
the  pyramid  field  influences  in  most  extent  the 
long-time  processes,  hi  this  connection,  research  of 
pyramid  energy  influence  on  so-called  quasi¬ 
relaxation  processes  is  of  interest,  hi  the  sample 
loaded  up  to  the  initial  tension,  after  switching  off 
me  drive,  a  spontaneous  drop  of  tension  begins.  As 
the  sample  length  during  the  test  with  rigid  ma¬ 
chines  after  switching  off  the  drive  does  not  re¬ 
main  constant,  this  process  is  named  as  quasi¬ 
relaxation.  It  is  supposed  that  this  process  is  con¬ 
nected  with  the  change  of  dynamic  dislocation 
density.  Quasi-relaxation  curve  for  AO  alumin¬ 
ium  alloy  under  usual  and  pyramid  energy  condi¬ 
tions  was  plotted.  Comparative  analysis  has  shown 
that  pyramid  energy  influence  on  a  quasi- 
relaxation  process  of  AK8  alloy  is  rather  essential: 
under  pyramid  field  just  in  several  hours  the  re¬ 
laxation  limit  is  achieved  which  under  usual  condi¬ 
tions  would  require  5000  hours  to  achieve. 

Summarizing  the  results  of  the  research,  it  is 
necessary  to  note  that,  apparently,  despite  of  the 
numerous  skeptics,  we  are  on  a  threshold  to  create 
the  new  nonconventional  alternative  technologies 
of  materials  processing. 
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PRINCIPLES  OF  ADAPTIVE  CONTROL  OF  ELECTRIC  PULSE 

SINTERING 

Belyavin  K.E.,  Sheleg  V.K..  Minko  D.V.,  Kuznechik  O.O. 

Powder  Metallurgy  Research  Institute,  Minsk,  Belarus 


The  perfecting  technologies  enabling  to 
produce  porous  powder  materials  (PPM)  with 
improved  complex  of  physical-mechanical  and 
hydrodynamic  properties  is  an  actual  problem  for 
powder  metallurgy.  The  method  of  electric  pulse 
sintering  ( EPS)  based  on  pulse  advancing  of 
electric  current  through  powder  bulk  at  discharge 
of  a  high-voltage  capacitor  bank  allows 
simultaneously  to  sinter  and  compact  powder 
materials  different  from  conventional  technologies 
where  these  operations  are  separated.  The  EPS 
method  provides  high  speed  of  heat  exchange  in 
contact  zones  (~-106M08  K/s)  at  small  duration 
H0-4M0-3  s)  [1], 

For  obtaining  a  PPM  with  a  given  complex  of 
physical-mechanical  and  hydrodynamic  properties 
the  adaptive  control  system  is  developed  which 
enables  to  transform  EPS  technological  modes 
automatically. 

The  supervisory  circuit  couples  feedback 
between  performance  curve  of  the  EPS 
installation,  which  is  indicated  as  R  on  the 
skeleton  diagram  of  control  (fig.  1)  and  parameters 
of  powder  bulk  indicated  as  OC.  It  consists  of  a 
measuring  unit  and  an  intellectual  module 
allowing  to  realise  the  following  algorithm  of 
activity. 

the  measurement  unit,  due  to  sensors  and  device  of 
their  interrogation,  determines  initial  state  of  OC; 

1)  the  measurement  unit  detennines  an  initial 
state  of  OC  due  to  sensors  and  device  of  their 
interrogation; 

2)  the  intellectual  module,  the  core  thereof  is  a 
control  electronic  computer,  calculates  the 
necessary  technological  mode  for  R  and  represents 
it  as  defined  values  of  the  control  voltage  (u)  to  the 
executive  unit; 

3)  the  executive  unit  transforms  values 
obtained  from  the  intellectual  module  to  a 
controlling  voltage  for  actuators  R.  After  that  the 
electric  pulse  discharge  of  the  capacitor  bank 
through  powder  takes  place. 


Fig.3.  Structural  scheme  of  adaptive  control 


For  a  supervisory  circuit  the  technique  of  the 
control  is  developed,  which  includes  a  method  of 
obtaining  the  information  about  processes  taking 
place  in  powder  bulk,  a  method  of  processing  the 
latter  and  a  method  of  selecting  performance 
parameters  for  EPS  installation. 

The  method  of  obtaining  the  information  is 
based  on  the  principle  of  joint  measurements  [2], 
based  on  combination  of  direct  and  indirect 
measurements  and  containing  problem  solving  on 
definition: 

-  dispersion  of  a  random  variable  at  direct 
measurement  taking  into  account  deviation  of 
devices  transmitting  signals; 
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-  dispersion  of  a  random  variable  at  indirect 
measurement  considering  the  value  of  a 
methodical  error  in  the  mathematical  calculation 
program; 

-  the  main  instrument  error  of  the  monitoring 
system,  which  is  the  lower  threshold  of  the 
monitoring  system  sensitivity. 

The  method  of  processing  the  observed  data  is 
directed  to  construction  of  hardware  system  on 
recognition  of  an  image  of  a  mathematical  model 
of  EPS  process  and  includes  [3-4]: 

-  order  of  data  processing  coming  from  primary 
converters; 

-  way  of  control  of  the  device  specifying 
parameters  of  process; 

-  a  computational  method  permitting  indirectly 
judge  condition  OC  by  results  of  direct 
measurements. 

When  developing  algorithm  of  selecting  values 
for  the  executive  unit  of  the  supervisory  circuit  the 
following  was  taken  into  account: 

-  the  EPS  process  for  the  supervisory  circuit 
represents  analytical  relation  as  some  F 0 
functional  between  Y®  vector,  compounded 
considering  output  values  of  the  intellectual  OC 
module,  and  vector  X "9,  compounded  considering 
drawn  up  values  obtained  from  the  measurement 
unit  [5], 

By  F 0  selection  the  EPS  peculiarities  were 
taken  into  consideration  from  which  follows[6]: 

-  the  output  parameters  of  an  intellectual  module 
describing  Y@,  change  with  the  lapse  of  time,  i.e. 

yo=YO(t); 

-  the  process  of  changing  input  parameters  of  the 
intellectual  module  description  XP,  is  non-liner 
one. 

Technique  and  supervisory  circuit  have  allowed 
to  realise  the  scheme  (fig. 2)  in  which  parameters 
of  deviation  and  disturbance  are  used  for  EPS 
process  control.  It  has  allowed  to  fulfil  the 
following  principle  of  its  activity: 


Fig.  2  Scheme  of  adaptive  control 


-  R  through  parameters  u  set  environment  of  effect 
on  OC,  then  values  for  y  and  r  appear  on  exits  of 
controlling  sensors. 

The  first  of  them  (y)  characterises  condition  of 
an  object  and  the  second  ( r )  -  condition  of  the 
environment  affecting  it. 

Parameter  r  is  an  input  value  for  analytical 
model  of  M  which  establishes  relation  between 
condition  of  the  affecting  environment  and  OC 
condition.  This  connection  is  determined  by  the 
value  of  response  (y  ),  which  is  compared  with 
setting  (y  )  parameter.  The  difference  between 
them  as  8  deviation  goes  on  an  R  input  and 
depending  on  its  value  the  regulator  changes  u 
values. 

Cycle  of  control  continues  till  5  is  equal  to  zero 
point. 

The  developed  adaptive  control  system  allows 
to  lower  considerably  discard  during  production  of 
a  PPM  by  EPS  method  and  to  reduce  costs  for 
improvement  of  technological  modes  at  transition 
from  one  kind  of  articles  to  another. 
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BORON-RICH  SOLIDS  AND  THEIR  AUSPICIOUS  ASPECTS  IN 
MATERIAL  SCIENCE  AND  TECHNOLOGY 

Helmut  Werheit 

Solid  State  Physics  Laboratory,  Gerhard  Mercator  University,  D-47048  Duisburg.  Germany 


The  boron-rich  solids  are  characterized  by 
complex  crystal  structures  containing 
polyhedra  like  octahedra,  icosahcdra, 
dodecahedra,  and  their  derivatives  together 
with  single  boron  or  foreign  atoms. 

Their  outstanding  properties,  including  in 
general  high  melting  temperatures, 
extraordinary  hardnesses,  small  extension 
coefficients,  and  high  chemical  resistivity, 
predestine  them  for  technical  application 
under  conditions  that  are  hardly  accessible  for 
most  other  materials.  Moreover,  the  high 
absorption  cross-section  for  neutron  rad  it  ion 
is  important.  The  large  variety  of  structures 
and  their  modification  by  the  change  of 
chemical  composition  within  specific 
structure  groups  or  within  sometimes  large 
homogeneity  ranges,  by  forming  ternary 
compounds,  and  by  the  substitution  or 
interstitial  accommodation  of  foreign  atoms 
offer  a  large  spectrum  for  tayloring  boron-rich 


solids  for  specific  applications,  while  the 
general  proprtics  largely  remain  unchanged. 

In  the  same  way  the  structural  variety  of  the 
boron-rich  solids  offers  excellent 
prerequisites  for  the  scientific  investigation  of 
interrelations  between  structural  and 
electronic  properties  of  solids  with  complex 
crystal  structures.  In  particular,  the  generation 
of  structural  defects  immediately  correlated 
with  the  electronic  properties  has  been 
proved.  Accordingly,  there  are  diverse 
possibilities  to  improve  electronic  properties 
that  are  favourable  for  according  technical 
use. 

Actual  properties  of  speci  fic  boron-rich  solids 
promising  future  technical  applications  are  for 
example  the  high  Seebeck  coefficients  of  both 
signs  (boron  carbide,  positive;  some  metal 
hcxaboridcs,  negative),  high-temperature 
superconductivity  (MgB:),  nanostructures. 
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THE  MOST  RECENT  INVESTIGATION  OF  THE  PROCESSES  OF 
PRODUCTION  OF  TUNGSTEN  AND  TUNGSTEN  CARBIDE  POWDERS 

Bondarenko  V.P.,  Martynova  L.M. 

V.  Bakul  Institute  for  Superhard  Materials  of  the  National  Academy  of  Sciences  of  Ukraine, 

2,  Avtozavodskaya  Str.,  Kiev,  Ukraine 


It  is  known  that  the  properties  of  tungsten  powder 
depend  on  many  factors.  Among  them  are: 
temperature,  feed  rate  of  a  boat,  thickness  of  the 
oxide  layer,  the  number  of  stages  of  the  reduction 
process,  methods  of  the  W03  preparation  for  the 
process  of  reduction,  shape  and  sizes  of  W03 
compacts,  methane  content  of  hydrogen,  methods  of 
packing  the  W  powder  in  a  boat  for  carbidization.  We 
have  studied  the  effect  of  a  number  of  new  factors  on 
the  properties  of  the  W  powder. 

Through  the  use  of  the  sieve  classification  of  the 
W03  powders  we  obtained  powders  of  the  fractions: 
250/200.  200/160,  160/125,  125/100,  100/80,  80/63, 
63/50,  and  50/40  pm,  and  a  fine  class  -  40  pm.  The 
content  of  the  first  two  coarse  fractions  in  the  W03 
powder  is  rather  low,  i.e.  0.2%.  The  content  of  the 
other  coarse  fractions  (160/125-50/40  pm)  is  from 
2.2  to  15.9%,  and  grains  of  the  fine  class  (-40  pm) 
constitute  37.5%.  Analysis  of  the  grain  composition 
of  the  resulting  fractions  has  shown  that  the  sieve 
classification  yields  the  W03  powders  uniform  in 
grain  size.  As  to  the  morphology  they  are  individual 
large-sized  particles,  aggregates  of  particles  of 
isomorphous  and  pseudomorphous  types,  and  plates. 

One-stage  reduction  of  coarse  fractions  of  W03 
(160/125  and  125/100  pm)  yields  the  medium¬ 
grained  W  powder  with  dw  =  3. 5-3. 8  pm.  The 
reduction  of  the  W03  powder  of  the  100/80,  80/63, 
63/50,  and  50/40  pm  fractions  allows  the  W  powder 
with  dw,  respectively,  of  6.2,  3.4,  7.7,  and  2.8  pm  to 
be  obtained.  This  powder  consists  of  isometric 
faceted  particles,  plates,  and  aggregates.  The  W03 
powder  of  the  fine  class  (-40pm)_yields  the  high- 
temperature  tungsten  powder  with  dvv=  7.5  pm. 

By  crushing  W03  we  managed  to  produce  high- 
temperature  W  powder  with  dw  -  1.0  pm.  The 
results  we  obtained  allow  the  conclusion  that  there  is 
no  strict  relation  between  dispersion  and  morphology 
of  starting  W03  powders  and  W  powders  prepared 
from  W03. 

X-ray  diffraction  analysis  of  the  resulting  W  powders 
exhibits  only  slight  widening  of  X-ray  lines.  The  line 
width  is  (6.3-6.9)xl03  rad.  This  points  to  a  high 


degree  of  perfection  of  crystal  lattice  of 
particles  of  high-temperature  W  powder  even 
in  the  case  of  using  W03  crushed  to  0.08  pm. 

To  increase  the  W03— IT  contact  surface  and 
to  decrease  the  path  of  W03  diffusion  in  the 
powder,  we  compacted  W03  powder  to 
prepare  variously  shaped  and  sized  compacts: 
plates  and  cylinders.  The  cylinders  were  made 
of  various  masses  m  (g),  diameter  d  (111m)  and 
heighth  (mm)  (d=T2.5,  h=20.1,  m=9.5;  d=15.0, 
h=22.0,  m=14.5;  d=25.0,  h=3.8,  m-72.0; 
d=37.5,  h=38.0,  m=160)  and  reduced  in  a  GP- 
130  stationary  electrical  furnace  with  a 
graphite  tube  at  1200±20  °C  for  two  hours. 
The  compacts  were  spaced  2  mm  apart.  The 
plates  pressed  from  W03  were  of  the  following 
sizes  and  weights:  200x32x75  mm,  2000  g; 
200x39x75  mm,  2500  g;  200x42x75  mm,  2700 
g;  200x49x75  mm,  3000  g.  The  cylinders 
(  d=50  mm,  h=80  mm,  m=600  g)  were  placed 
in  the  boat  in  tens,  the  plates  in  twos  (each 
weighing  3000  g)  and  in  threes  (each  weighing 
2000  g  )  so  that  the  total  weight  of  the 
compacts  in  the  boat  was  6000  g.  In  all  the 
cases  the  compacts  were  placed  into 
molybdenum  boats  and  the  latter  were  inserted 
into  a  graphite  container.  The  compacts  were 
reduced  in  a  pusher-type  electric  resistance 
furnace  at  the  boat  feed  rate  =  2  mm/min,  FF 
consumption  =  2.0  m3/h,  dew  point  of  H2  = 
52°C,  T  =  1200±20  °C.  It  has  been  found  that 
the  W  powder  properties,  all  other  things  being 
equal,  depend  to  a  large  extent  on  both  the 
value  of  free  specific  surface  of  W03  compacts 
which  is  in  contact  with  hydrogen  (Fsp)  and  the 
shape  of  a  compact. 

As  Fsp  increases,  so  does  the  specific  surface  of 
the  W  powder _(Ssp),  while  the  mean  diameter 
of  particles  (  dw)  decreases.  For  the  case  of 
reduction  of  the  compacts  in  the  form  of  large 
plates  this  dependence  is  given  as  Ssp  = 

25.6-F^38,  while  in  the  case  of  cylinders 

S^.CM-F^38.  Also,  with  increasing  Fsp  of  the 
plates  from  0.064  to  0.086  1/mm  the  value  of 
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dw  decreases  from  9.2  to  3.6  mm,  while  with 
increasing  Fsp  of  the_cylinders  from  0.09  to  0.37 
1/mm  the  value  of  dv,  decreases  from  13.5  to  0.7 
mm  . 

In  the  case  of  free  charging  of  W03  in  a  graphite  boat 
(weight  of  a  charge  =  6000  g,  the  layer  thickness  =  45 
mm  )  and  one-stage  reduction  at  1200+  20°C,  we 
obtained  the  coarse-grained  W  powder  with  dw  = 
19.5  pm,  for  the  weight  of  a  charge  =  800  g  dw  =  4 
pm.  The  powder  consists  of  highly  symmetrical 
polyhedrons,  large-sized  cuboids,  isometric  particles, 
elongated  particles  on  which  the  stages  of  the 
reconstruction  of  whiskers  into  rounded  form  are 
observed. 

X-ray  diffraction  analysis  of  the  W  powders  reduced 
from  pressed  compacts  has  shown  that  they  have 
perfect  crystalline  structure  as  well:  the  width  of  X- 
ray  line  is  (6.0-6.3)xl0‘3  rad. 

The  relations  we  obtained  have  made  it  possible  to 
devise  processes  for  the  production  of  W  powders 
which  differ  in  d,v  and  particle-size  distribution  with 
temperature  and  holding  time  being  unchanged,  i.e. 
unchanging  the  furnace  operating  conditions.  The 
capacity  of  an  one-muffle  furnace  was  6-7  kg/h. 

When  studying  the  process  of  gas  carbonization  of 
the  W  powders  we  have  found  that  some  of  them 
sinter  strongly.  This  generated  a  need  for  additional 
power-intensive  operations  of  crushing  and  grinding 
of  the  WC  sintered  compacts.  The  use  of  the  Agte 
criteria  [1]  did  not  allow  a  logical  explanation  of  the 
phonemenon.  To  study  the  factors  which  affect  the 
sinterability  of  W  powders,  the  latter  were  carbidized 
in  the  loose  state  following  the  selected  test 
conditions  of  carbidization:  temperature  2000±20°C, 
holding  time  2h,  methane-hydrogen  medium 
containing  2  vol%  CH4. 

When  carbidizing  W  powders  fabricated  in  Ukraine, 
Russia,  Germany,  WC  compacts  of  different 
compression  strength  (acomp),  were  obtained  (from  1 .0 
to  66.0  MPa).  At  acomp  <  7.0  MPa  the  WC  sintered 
compacts  were  easily  pulverized.  At  oC0mp  >  25  MPa 
the  sintered  compacts  have  to  be  crushed. 

The  degree  of  sinterability  of  W  powders  was 
investigated  as  a  function  of  specific  surface  Ssp 
(m2/g),  apparent  density  p  (g/cm3),  specific  magnetic 
susceptibility  y  (m3/kg),  mass  fraction  of  particles  of 
the  powder  of  -40  pm  class /,  and  mean  particle  size 
dm  (pm)  of  this  class  (the  division  of  the  W  powder 


was  perfomed  by  sieving  it  on  a  40  pm  mesh 
sieve),  adsorpsion  potential  and  content  of 
metal  impurities  in  W  powders. 

The  treatment  of  experimental  results  has 
allowed  the  following  equation  of  regression: 

Ccomp  =  -35.45+104. 7-Ssp  +  (4.7-4.98  S*)  p  + 
5.94  10Vv  +  3.09f-dm,MPa. 

The  values  of  the  adsorpsion  potential  and  the 
impurity  content  have  appeared  insignificant. 
The  regression  model  is  characterized  by  a 
rather  high  degree  of  adequacy:  the  coefficient 
of  determination  R2  =  0.995,  the  sum  of 
squares  of  regression  residuals  Ao  =  0.454 
MPa2  and  the  Darbin-Watson  coefficient  DW 
=  2.3  [2], 

The  obtained  dependence  of  cC0mp  on  a  set  of 
properties  of  tungsten  powders  forms  the  basis 
of  the  method  of  an  incoming  inspection  of  W 
powders  to  define  the  possibility  of  their  use  to 
produce  slightly  sintering  compacts  of  WC 
when  carbidzing  in  a  gas  medium. 

Thus,  numerous  studies  related  to  the 
production  of  W  and  WC  powders  have  shown 
that  the  use  of  only  some  technological 
procedures  (sieving  of  the  starting  raw  material 
to  yield  narrow  fractions,  size  reduction, 
pressing  compacts  of  varions  shapes  and  sizes, 
variation  of  the  W03  charge  mass,  and  the  use 
of  a  methane-hydrogen  medium  of  an 
eguilibrium  composition)  have  allowed  us  to 
devise  a  number  of  advanced  technologies  of 
W  and  WC  production  [3]. 
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The  majority  of  synthesis  methods  of  super  hard 
diamond-like  phases  (DP)  are  based  on  transforma¬ 
tions  of  graphite-like  phases  (GP)  under  high  pres¬ 
sures.  These  transformations  as  well  as  those  in 
other  substances  can  occur  by  two  basic  different 
mechanisms:  diffusion  or  martensitic.  At  the  so- 
called  "catalytic  synthesis"  of  DPs,  the  diffusion 
mechanism  is  usually  realized  while  the  GP  — »  DP 
direct  transformations  can  proceed  by  both  mecha¬ 
nisms  (Fig.  1). 


Fig.  1.  The  dependence  of  the  resulting  DP  on  trans¬ 
formation  mechanism.  Phase  designations: 

G  -  graphite,  D-  diamond,  L  -  lonsdaleite,  g  - 
graphite-like  phasees,  h  and  r  -  hexagonal  and  rom- 
bohedral  modifications,  w  and  c  wurtzite  and  cubic 
BN. 

The  objective  of  the  present  report  is  to  discuss 
the  peculiarities  of  the  direct  phase  transformations 
in  carbon  and  boron  nitride  and  to  analyze  the  de¬ 
pendence  of  the  structure  of  the  resulting  DPs  on 
the  transformation  mechanism.  The  peculiarity  of 
the  GP  -»  DP  transformations  is  related  to  their 
high  volume  effect  and  to  variety  of  possible 
structural  states  of  carbon  and  boron  nitride.  A 
great  quantity  of  investigations  the  results  of  which 
are  summarized,  e.g.  in  [1],  have  established  that:  - 


at  high  pressures,  diamond  and  cBN  are  stable  dia¬ 
mond-like  phases,  while  lonsdaleite  and  wBN  are 
metastable  diamond-like  phases,  -  metastable  DPs 
are  formed  only  by  martensitic  transformations 
(MT),  while  stable  DPs  can  be  formed  by  both 
martensitic  and  diffusion  transformations. 

Hie  following  experimentally  found  regulari¬ 
ties  point  to  the  reality  of  martensitic  transforma¬ 
tions  in  carbon  and  boron  nitride:  1.  Rates  of  trans¬ 
formations  to  form  lonsdaleite  and  wBN  are  very 
high  (under  static  compression  the  transformations 
manage  to  occur  in  a  matter  of  thousandths  of  sec¬ 
ond,  while  under  shock  compression  in  millionths 
of  a  second).  2.  These  transformations  can  proceed 
at  temperatures  at  which  diffusion  processes  are 
impracticable  (these  transformations  have  been  ex¬ 
perimentally  observed  down  to  room  temperature). 
3.  Diamond-like  phases  formed  by  MT  are  regu¬ 
larly  oriented  with  respect  to  the  initial  graphite-like 
phases.  4.  The  degree  and  the  mere  possibility  of 
the  transformations  like  graptite  -»  lonsdaleite  and 
gBN  ->  wBN  essentially  depend  on  the  structure 
perfection  of  the  initial  GPs.  5.  Martensitic  dia¬ 
mond-like  phases  have  highly  imperfect  structures 
and  the  type  of  defects  is  directly  related  to  the 
crystallographic  mechanisms  of  MT. 

Figure  2  is  a  schematic  representation  of  the  p- 
T  diagram  of  GP  — >  DP  direct  transformations  by 
different  mechanisms  [2],  The  initial  GPs  are  as¬ 
sumed  to  have  an  ordered  structure,  as  the  MT  can¬ 
not  occur  in  turbostratic  GP.  In  this  diagram  below 
the  pm  line  but  above  the  p0  line  only  diffusion 
transformations  are  allowable  in  terms  of  thermo¬ 
dynamics,  however  they  are  practically  not  re¬ 
corded  in  the  region  of  low  temperatures.  Above 
the  pm  line  both  diffusion  and  martensitic  transfor¬ 
mations  are  allowable.  In  this  case,  in  low- 
temperature  region,  virtually  only  MTs  are  realized, 
while  at  rather  high  temperatures  martensitic  and 
diffusion  transformations  compete  with  one  an¬ 
other.  The  decisive  role  in  the  competition  is  played 
by  the  structure  ordering  of  initial  GPs.  GP  ->  DP 
martensitic  transformations  always  involve  such 
deformation  processes  as  a  lattice  compression 
along  theal  caO  axis  and  splitting  of  flat  basal  lay- 
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ers.  Here,  there  are  two  principal  modes  of  spliting: 
layer  puckering  and  layer  buckling  [3],  Under  high 
pressures  MT  of  hBN  is  carried  out  only  by  puck¬ 
ering  mechanism,  while  all  other  GPs  of  carbon  and 
BN  can  undergo  the  MT  via  both  mechanisms.  For 
these  GPs  the  realization  of  one  or  another  marten¬ 
sitic  mechanism  depend,  first  of  all,  on  the  degree 
of  the  hydrostatic  nature  of  compression  conditions. 
It  has  been  found  experimentally  that  under  hydro¬ 
static  conditions  puckering  mechanism  is  realized, 
while  under  nonhydrostatic  conditions  the  buckling 
mechanism  occurs  mainly  [4], 


Fig.2.  The  diagram  of  GP  -  DP  direct  transforma¬ 
tions  by  different  mechanisms;  Ml’  and  DT  are  the 
regions  of  martensitic  and  diffusion  transforma¬ 
tions.  pn  -  equilibrium  line  between  stable  GP  and 
DP;  pm  -  barrier  for  tennally  activated  MT;  pv  -  a 
line  of  equal  nucleation  rates. 

The  mechanism  of  GP  -»  DP  transformations 
determines  both  the  crystallographic  nature  of  re¬ 
sulted  diamond-like  phases  (see  Fig.l)  and  their 
real  structure.  Diffusion  transformations,  as  a  rule, 
give  rise  to  the  equaxial  grains  with  a  small  number 
of  defects,  while  due  to  martensitic  transformations, 
a  wide  variety  of  structures  form  that  differ  in  type 
and  concentration  of  defects.  So,  in  the  structure  of 
wBN  formed  from  hBN,  defects  develop  due  to  the 
effect  of  the  puckering  mechanism:  if  the  atoms  of 
the  same  name  within  the  same  initial  grain  displace 
into  opposite  directions,  then  at  the  interfaces  be¬ 
tween  these  nuclei  growing  in  radial  directions,  in¬ 
version  boundaries  (IB)  arise  in  prismatic  planes  of 
wBN  [5],  Such  planar  defects  hinder  the  transfor¬ 


mation  of  metastable  wBN  into  stable  at  high  pres¬ 
sures  the  cBN.  A  distinguishing  feature  of  wBN 
produced  from  rBN  by  alternative  Ml'  mechanism 
of  buckling  is  a  high  concentration  of  basal  stacking 
faults  (BSF).  These  defects  are  developed  due  to 
the  nonuniform  shear  that  accompanies  buckling 
MT.  Unlike  IB,  BSF  do  not  hinder  but  favor  the 
layer-by-layer  lattice  change  in  the  course  of  wBN- 
zBN  transformation  (as  well  as  the  lonsdaleite  -> 
diamond  transformation;  that’s  why  to  produce 
lonsdaleite  without  diamond  impurities  is  a  very 
difficult  task  flj). 

Thus,  the  above  peculiarities  of  GP  ->DP 
martensitic  transformations  by  different  mecha¬ 
nisms  allow  us  to  vary  the  real  structure  of  the  re¬ 
sulting  DP  over  a  wide  range.  Of  special  interest  is 
the  use  of  textured  CVD  graphite-like  phases:  the 
realization  of  MT  in  these  phases  gives  a  basic  pos¬ 
sibility  of  producing  crystal-oriented  superhard 
polycrystals  of  the  diamond-like  structure. 
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NANOSTRUCTURED  MATERIALS:  BASIC  CONCEPTS,  SCIENTIFIC 
PROBLEMS  AND  PERSPECTIVES 

Andrievski  R.A. 

Institute  of  Problems  of  Chemical  Physics,  Russian  Academy  of  Sciences 
Chemogolovka,  Moscow  Region,  Russia 


In  recent  15-20  years,  the  development  of 
nanomaterials  (nanostructured, 

nanocrystalline  nanophase,  nanosize  and  so 
on  materials  (NMs))  has  emerged  as  an 
important  step  in  creating  a  new  generation  of 
materials.  Because  of  their  very  fine 
microstructure  (a  grain  size  is  usually  below 
100  nm)  NMs  potentially  revolutionize  the 
traditional  material  design  in  many 
applications  via  atomic-level  structural 
tailoring  of  the  physical,  chemical, 
mechanical,  and  biological  properties.  Note  at 
least  three  reasons  accompanying  with  the 
burst  of  research  work  in  the  field  of  NMs. 
First,  the  interest  is  connected  with  the  hope 
to  realize  a  high  level  of  properties  in  the 
nanocrystalline  state.  Second,  this  topic  is 
really  an  interdisciplinary  problem  for 
physicists,  chemists,  material  science 
specialists,  biologists,  engineers,  and 
specialists  in  the  Earth  Sciences.  Third,  this 
topic  has  revealed  many  gaps  in  both  our 
understanding  of  the  nature  of  the 
nanocrystalline  state  and  its  practical 
realization.  It  is  not  accidentally  that  the 
researches  of  NMs  are  important  parts  in  the 
National  Nanotechnology  Programs  such  as 
NNI  (USA),  NEDO  (Japan)  and  others  [1-4]. 
These  Programs  are  briefly  discussed. 

There  are  many  types  of  NMs  such  as 
consolidated  ones,  nanosemiconductors, 
nano-polymers,  nanoglasses,  carbon 

nanostructures,  nanoporous  solids, 

nanobiomaterials,  catalysts,  and 

supramolecular  structures  which  can  be 
produced  by  many  preparation  methods. 
Some  of  NMs  such  as  nanostructured  Ni  foil, 
magnetic  alloy  Finemet,  superhard  multilayer 
nitride  films  are  successfully  produced  on  an 
industrial  scale.  The  features  of  their 


technology  methods,  structure  and  properties 
are  discussed  in  detail.  Some  forward-looking 
NMs  such  as  thermal  barriers,  sensors, 
thermally  sprayed  wear  resistant  coatings,  and 
new  superhard  materials  are  considered  also. 

The  development  of  new  effective  NMs  is 
closely  linked  with  decision  of  many 
fundamental  problems  of  materials  science, 
physics,  mechanics  and  chemistry  of 
condensed  matter.  An  examples  are  a  nature 
of  crystalline  state,  regularities  of  size  effects, 
thermal  stability  of  nanostructures  and  so  on. 
Presently  some  preparation  methods  permit  to 
obtain  NMs  with  very  low  grain  size  of  about 
1-2  nm  and  lower  [5].  The  understanding  of 
nature  of  such  peculiar  cluster  consolidated 
solids  (in  contradiction  to  cluster  assemblies) 
seems  to  be  also  very  important  for  the  future 
progress  of  NMs.  The  quantum  size  effects 
seem  to  be  very  likely  in  these  NMs  with  very 
small  grain  size. 
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Porous  metal  materials  are  widely  used  as 
capillary  structures  in  heat-exchange  systems  of 
evaporation -condensation  and  transpiration  types. 

In  operation  of  above  systems  the  capillary  forces 
have  key  influence,  which  govern  both  transfer  of 
working  liquid  over  pore  channels  and  foraing  out 
of  it  by  pressure  or  temperature  gradient. 


namely  general  porosity  0,  one  can  derive  the 
following  expression  for  average  flow  rate  of 
liquid  in  pores 


y=2aj _ 1 _ ifeMneV 

"  p  S^  1-0  J  ’  (4) 

where  So  is  specific  surface  of  the  unit  volume  of 
porous  body. 


In  the  absence  of  pressure  gradient  the  liquid  in 
porous  body  moves  under  effect  of  a  capillary 
pressure  which  in  general  case  is  balanced  by 
losses  in  pressure  due  to  friction  in  pores  and 
difference  of  pressure  in  liquid  due  to  gravity. 


Neglecting  the  inertia  effects  at  low  flow  rates  one 
can  obtain  from  the  equation  of  pressure  balance 
the  following  relationtship  for  average  flow  rate 
of  liquid. 
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from  which  the  maximum  rate  of  capillary 
absorption  under  the  conditions  of  full  wetting  of 
material  is 


V  - 

v  max 


JX^G 


(2) 


8pLEF 

and  the  maximum  heigh  of  capillary  rising  is 
4a 

Hmax-  — - •  (3) 


In  above  expressions  Dcff  is  average  effective  size 
of  pores  in  material,  which  is  equal  to  equilibrium 

eq 

value  of  average  hydraulic  diameter  D —  of  pore 

h 

channels  in  the  case  of  regular  porous  structures, 
for  which  the  coefficient  of  sinuosity  is  B;  o,  g 
and  p  are  surface  tension,  density  and  absolute 
viscosity'  of  working  liquid  at  wetting  angle  a, 
respectively;  q  is  gravitational  acceleration;  L  is 
distance  to  which  the  liquid  front  displaced  in 
material  (its  ultimate  value  equals  to  the  specimen 
length  Lo),  which  is  located  at  the  angle  x  with 
respect  to  horizontal. 

Based  on  traditional  quantity  which  determines 
the  structural  characteristic  of  permeable  material, 


High-porous  specimens  made  from  powders  of 
copper  PMS,  bronze  BrOFlO-1,  steels  H18N10 
and  H18N15,  titanium  PTE,  PTEM-2,  PTM, 
PTOM  and  its  alloy  VT9  with  varions  dispersity 
and  particle  shape;  discrette  fibers  of  copper  Ml 
and  titanium  alloy  VT6  with  different  diameter, 
and  also  grid-like  specimens  made  from  steel 
H18H9T  were  used  for  experimental  study  of  the 
kinetics  of  capillary  transport  of  ethanol,  distilled 
water  and  acetone. 

All  determining  characteristics  for  the  pore 
structure  of  materials  under  study  were 
preliminary  determined  in  the  specimens- 
whitnesses. 

Wide  possibilities  have  been  demoustrated 
concerning  the  forcast  control  of  the  capillar 
effects  in  powder  structures  by  technological 
methods:  pressing  via  elastic  film;  by  adding 
pore-forming  and  agents;  by  vibroforming  with 
both  continuous  and  discrette  variation  in  pore 
size;  by  precipitation  of  fine-grained  particles  in 
porous  sceleton;  by  deformation  of  billets  with 
wedge  shape;  by  cyclic  oxidation-reduction;  by 
electric  deposition. 

The  most  promissing  capillar  structures  were 
shown  to  be  materials  from  monodisperse  fibers 
which  capillar  potential  can  be  essentially  varied 
through  the  control  of  adhesion  work  with  the  aid 
of  high-temperature  oxidation  and  vacuum 
treatment. 

In  such  structures  the  most  effect  on  the  rate  of 
capillar  transport  in  horizontal  location  has  the 
variation  in  specific  surface  of  pores  and  then  in 
porosity  and  effective  pore  size. 


26 


PLENARY  SESSION 


Upon  movement  of  liquid  against  gravitational 
force,  porous  materials  having  the  most  value  of 

parameter  of  capillar  pump  K/Ojjq  showed  the 
highest  capillar  rising. 

For  correct  calculation  of  transport  properties  of 
capillar  structures  in  various  pore  materials,  we 
present  the  data  about  wetting  them  with  different 
liquids  (benzine,  acetone,  ethanol,  methanol, 
water).  The  equilibrium  wetting  angles  were 
determined  by  the  methods  of  lying  drop, 
photographine  of  shadow  image  of  free  meniscus 


upon  wetting  of  vertically  placed  specimen  with 
liquid  and  capillar  rising. 

Some  examples  of  practical  use  of  capillar  mass 
transfer  and  its  lows  are  shown  for  the  resolving 
of  methodical  and  technological  tasks 
(determination  of  closed  porosity  in  specimens, 
preparation  of  composite  materials  by 
impregnation,  forecasting  of  service  parameters  of 
heating  tubes  and  optimization  of  their  mass  and 
dimensions  for  different  service  conditions. 
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NEW  GENERATION  OF  THE  MATERIALS  FOR  SENSORS,  ACTUATORS 
AND  ULTRASOUND  TECHNIQUE  ON  THE  BASE  OF 
FERROELECTRIC  RELAXORS 


Glinchuk  M.D..  Laguta  V.V.,  Bykov  I.P. 

I.N.  Frantsevich  Institute  for  Problems  of  Materials  Science,  NASc  of  Ukraine,  Kiev,  Ukraine 


1.  Piezoelectric  and  electrostrictive  ferroe¬ 
lectric  materials  lie  in  the  heart  of  most  actuators, 
sonar  transducers  and  sensors,  performing  the  es¬ 
sential  role  of  electromechanical  conversion. 
Among  the  modem  piezoelectrics  and  electro- 
strictors  relaxor  ferroelectrics  are  the  most  im¬ 
portant  due  to  giant  electrostriction  and  high  elec¬ 
tromechanical  coefficients  ( k  ~  0,95),  while  in  the 
conventional  piezomaterials  k  ~  (0, 5-0,6).  In  the 
last  years  much  attention  of  the  scientists  and  en¬ 
gineers  was  paid  to  inorganic  relaxors 
PbMgU3Nb2,303  (PMN),  PbSc1/2Nb1/203  (PSN), 
PbScwTa1/203  (PST),  Pb1.,La^ro,35Tio,6503, 
0,6  <  x  <  0,9  (PLZT),  to  their  composites  like 
(PMN)i-^(PbTi03k  (PMN-PT),  (PSN^PS'U,  and 
to  organic  relaxors  on  the  base  of  illuminated  by  fast 
electrons  polymeric  ferroelectrics  P(VDF/TrFE). 

The  scientists  of  our  Institute  are  working  in 
the  field  of  the  relaxor  ferroelectrics  during  15 
years.  They  developed  the  scientific  concept  that 
made  it  possible  to  find  out  the  fundamental 
mechanisms  which  are  in  response  on  unusual 
properties  of  the  relaxor  based  ferroelectrics.  In 
particular  it  was  shown  that  the  high  level  of  use¬ 
ful  properties  is  related  to  the  appearance  of 
mixed  ferro-glass  phase  with  coexistence  of  long 
and  short  range  polar  order.  The  absence  of  con¬ 
ventional  type  of  domain  structure  in  this  phase 
results  in  high  dielectric  permittivity  (e  ~  105), 
giant  electrostriction,  high  coefficient  of  electro¬ 
mechanical  coupling  with  small  hysteresis  and 
small  dielectric  losses,  the  mechanical  distortions 
(s  ~  5  %)  being  more  than  an  order  of  magnitude 
larger  than  the  level  achieved  in  the  conventional 
piezoelectric  ceramics. 

Since  in  the  disordered  ferroelectrics  like  re¬ 
laxors  the  local  structure  plays  the  decisive  role  in 
this  material  properties  we  performed  the  local 
properties  investigations  by  ESR  [1]  and  NMR 
methods  (see  [2-4]  and  ref.  therein). 

The  brief  review  of  these  results  as  well  as 
those  related  to  aforementioned  concept  for  the 
relaxor  based  material  properties  explanation  [5- 
9]  is  given  in  this  report. 

2.  In  the  NMR  studies  of  solids  the  nucleus  is 
used  as  a  probe  to  investigate  local  structure  via 


its  coupling  with  the  lattice.  The  coupling  the 
most  frequently  involved  is  the  interaction  of  the 
nuclear  quadrupole  moment  with  the  electric  field 
gradient  (EFG)  which  is  known  to  be  very  sensi¬ 
tive  to  local  structure.  In  the  case  of  disordered 
ferroelectrics,  such  as  PMN,  substitutional  disor¬ 
der  in  the  B-site  lattice  (e.g.  Nb5+  substituted  for 
Mg2+  and  vice  versa)  and  the  ions  shifts  from  their 
positions  in  the  ideal  cubic  crystal  lead  to  appear¬ 
ance  of  nonzero  random  EFG.  The  randomness  of 
EFG  has  to  result  in  inhomogeneous  broadening 
of  NMR  line.  The  theoretical  analysis  of  the  ob¬ 
served  line  shape  [2]  made  it  possible  to  obtain 
information  about  the  values  and  the  directions  of 
the  ions  shift. 

In  Fig.l  one  can  see  the  observed  NMR 
spectrum  of  93Nb  (transition  +1/2  <-*  -1/2)  shown 
by  points  and  calculated  shape  shown  by  solid  line 
for  the  case  when  there  are  the  microregions  with 
the  Nb  ions  shifts  along  (001),  (Oil)  and  (111) 
type  of  directions,  their  volume  being  respectively 
60  %,  20  %  and  20  %  of  the  sample  volume.  The 
mean  values  of  shifts  were  estimated  in  nm  as 
ooi)  =  0,032;  A4;ooi>  =  0,005;  d<oii>  =  0,03; 
A4;on>  =  0,01;  d{lU)  =  0,02;  At/(U1)  =  0,01;  where 
Ad  is  the  dispersion  so  that  there  are  the  distribu¬ 
tion  of  the  ions  shift  values  and  directions. 


Fig.  1.  Comparison  be¬ 
tween  the  experimental 
”Nb  1/2  -1/2  NMR 

and  calculated  line  shape 
in  PMN  for  B  II  [001], 
d\\  <001),(011>,<U1). 

3.  This  distribution  as  well  as  the  vacancies 
of  lead  and  oxygen,  the  random  excess  charges 
related  to  the  ions  substitutional  disorder  results  in 
the  distribution  of  random  electric  field,  that  in¬ 
fluence  all  the  properties  of  the  relaxors,  including 
its  phase  diagram  (see  Fig. 2),  where  dE0  =  khTcmi 


28 


PLENARY  SESSION 


is  mean  field  related  to  indirect  interaction  of  the 
shifted  ions  via  Bums  phase  soft  mode  and  A E  its 
dispersion.  The  condition  Eq  »  A E  corresponds  to 
conventional  transition  between  ferroelectric  (FE) 
and  paraelectric  (PE)  phase  which  could  be  in 
Bums  phase,  so  that  Tcm{  =  Tjimm  that  is  known  to 
be  about  600-650  K  in  most  the  relaxors.  But  the 
strong  random  field  gives  AE  «  E(i  or  AE  >  E;i  that 
leads  to  FE  long  range  order  destruction  so  that 
only  nonergodic  mixed  ferro-glass  phase  (FG)  or 
dipole  glass  state  (DG)  with  short  range  order  po¬ 
lar  clusters  appeared  to  be  possible  [5], 


where  the  random  field  E  distribution  function 
f(E,Lj)  was  calculated  in  die  statistical  theory  ap¬ 
proach  and  for  conventional  ferroelectrics  like  PT 
it  has  the  form  of  8-function  f(E,L)  =  5(E  -  E$L). 

The  phase  diagram  gives  the  dependence  of 
temperature  Tc  on  concentration  x  at  which  polari¬ 
zation  arises.  The  calculated  T0(x)  dependence  is 
depicted  in  Fig.  3.  One  can  see  that  the  theoiy 
(solid  line)  describes  pretty  good  the  experimental 
points. 


Fig.  3.  Phase  diagram  of  (PMN)K,.(PT)X; 
points  -  experiment,  solid  line  -  theoiy 


The  physical  concept  developed  in  the  ran¬ 
dom  field  tiieory  framework  [5]  made  it  possible 
to  explain  the  dependence  of  dielectric  suscepti¬ 
bility  maximum  position  on  concentration  of  La 
ions  in  PLZT,  the  peculiarities  of  nonlinear  sus¬ 
ceptibility  of  die  PMN  and  PMN-PT  relaxors  [6], 
the  origin  of  Vogel-Fulcher  law  in  the  relaxation 
time  behaviour  [7],  the  anomalies  of  correlation 
radius  temperature  dependence  in  PMN  [8], 

In  what  follows  we  shall  describe  briefly  the 
results  of  PMN-PT  phase  diagram  calculations 
performed  in  the  random  field  theory  framework 
[9].  The  electric  polarization  of  (PMN)i,v(PT).v 
composite  w’as  written  as 

P  =  xhiA+0-x)h!!ih-t  (i) 

3  3 

a  i  a2 

jT* 

where  Lj,  ah  p,  and  di  (i  =1,2)  are  respectively 
the  number  of  coherently  oriented  dipoles,  lattice 
constants,  fraction  of  unit  cells  in  which  dipoles 

exist  and  3*  is  effective  dipole  moments  related 


to  the  ions  sliift.  The  directions  of  3*  and  3* 

reflect  the  tetragonal  symmetry  of  PT  and  rhom- 
bohedral  symmetry  of  PMN. 

For  die  case  of  two  orientable  dipoles  one 
can  write 


Lj  =  J  tanh 


d,E 

KT 


fj(E,Lj)dE ,  (2) 


The  calculations  have  shown  that  maximal 
contribution  of  pseudo-cubic  (rhombohedral) 
component  takes  place  at  x  =  0,135.  Because  of 
pseudo-cubic  symmetry  the  maximal  value  of  di¬ 
electric  response,  piezoelectric  and  electrome¬ 
chanical  coefficient  can  be  expected  at  x  =  0,135. 
This  concentration  a  little  bit  larger  than  x  -  0,1 
where  the  aforementioned  properties  high  values 
were  observed. 
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V.I.Vemadskii  Institute  of  General  and  Inorganic  Chemistry,  Kyiv,  Ukraine 


The  progress  in  the  development  of  new 
functional  materials  substantially  determines  the 
evolution  in  frontrank  areas  of  engineering.  When 
developing  these  materials  the  search  for  effective 
ways  in  the  simulation  of  their  properties  already  at 
the  synthesis  stage  is  the  strategic  direction  of  the 
research.  In  this  connection  the  investigation  of 
aliovalent  substitution  in  the  structural  sites,  which 
may  result  in  the  lattice  distortions,  formation  of 
structural  channels  and  vacancies,  varying  charge 
of  crystal  sublattices  are  of  a  great  scientific  and 
practical  interest.  This  investigation  could 
evidently  result  in  the  synthesis  of  new  compounds 
as  well  as  in  the  development  of  new  materials 
based  on  them  with  the  important  engineering 
properties. 

Therefore,  the  research  in  the  field  of  the 
chemistry  of  aliosubstituted  oxides  -  in  particular, 
those  of  elements  of  III-V  groups  -  directed  to  the 
synthesis,  investigation  into  their  structure  and 
properties,  as  well  as  the  development  of  new 
materials  with  promising  applications  in 
engineering  is  the  problem  of  a  topical  interest. 

In  this  work  the  compounds  have  been 
synthesized  with  various  crystal  structures 
including  those  of  the  perovskite,  defect 
perovskite,  layered  perovskite,  tetragonal  tungsten 
bronze,  spinel.  It  has  been  synthesized  the  series  of 
the  ferrites,  aluminates,  titanates,  zirconates, 
niobates,  and  tantalates. 

In  consequence  of  the  complex  research  the 
number  of  new  regularities  common  for  the 
aliovalent  substitution  have  been  revealed. 

When  using  as  the  example  the  systems 
(La,Li)(Ti,Nb,Ta)03,  where  the  ions  of  lithium 
substitute  for  the  lanthanum  ions,  it  has  been 
shown  that  aliovalent  substitution  may  result  in 
certain  conditions  when  the  ions  residing 
crystallographic  sites  do  not  meet  structural 
requirements.  The  ions  of  lithium  and  lanthanum, 
whereas  residing  in  one  sublattice,  act  contrary:  the 
lanthanum  ions  promote  the  formation  of  the 
perovskite  structure  while  the  lithium  ions  reduce 
the  total  number  of  "structural  vacancies"  and 
consequently  contribute  to  the  stabilization  of  the 
perovskite  structure  at  higher  temperature. 


In  the  systems  (La,M)(Ti,Nb,Ta)03,  where 
M  is  Li,  Na,  K,  the  permittivity  magnitude  in 
optical  band  has  been  shown  to  depend  only  on  the 
matrix  structure  whereas  the  alkaline  ions  affect 
the  dielectric  properties  only  in  radiofrequency 
range.  In  this  case  the  lithium  ions  reside  in  the 
crystallographic  channels  characterized  by  the  lack 
in  the  filled  sites,  and,  as  the  consequence,  they 
have  not  rigid  bonds  with  the  matrix.  This  allowed 
the  development  of  new  lithium  conducting 
materials  with  the  record-high  characteristics  [1-5]. 

In  the  parallel  systems  -where  the  ions  of 
rare-earth  elements  are  replaced  by  alkaline  ions 
with  larger  ionic  radii  (sodium  or  potassium  ions)- 
microwave  (MW)  dielectrics  have  been  shown  to 
form.  They  simultaneously  combine  high  dielectric 
permittivity,  low  dielectrics  loss  and  high 
temperature  stability  of  physical  properties  in  the 
MW  frequency  range.  Whereas  the  presence  of  one 
low-frequency  oscillation  in  the  phonon  spectrum 
(soft  mode),  which  is  responsible  for  the  low 
temperature  stability  of  physical  properties,  is 
typical  for  the  perovskites  the  aliovalent 
substitution  may  result  in  another  low-frequency 
oscillation.  It  noticeably  contributes  to  the 
permittivity  and  provides  high  temperature 
stability  of  electrophysical  properties.  Similar 
trends  have  been  found  out  also  in  the  materials 
with  both  the  structures  of  the  defect  perovskite 
and  tetragonal  tungsten  bronze  [6-8]. 

The  "structural  vacancies"  have  been 
shown  to  be  the  additional  scattering  centers  of 
electromagnetic  energy.  Therefore,  it  is  possible  to 
control  the  scattering  degree  when  reducing  total 
amount  of  the  vacancies  by  aliovalent  substitution 
when  sites  corresponding  to  "structural  vacancies" 
are  filled  up  by  different  ions  [9]. 

When  using  the  aliovalent  substitution  in 
the  crystal  sublattices  it  is  possible  to  obtain  the 
nonlinear  materials  with  PTCR  properties.  It  has 
been  shown  that  amongst  the  intermediate  phases 
of  the  synthesis  of  these  materials  there  is  the 
phase,  which  is  not  stable  at  high  temperatures  in 
air.  However,  its  interaction  with  other 
intermediate  phases  results  in  the  formation  of 
materials  with  PTCR  properties  [10-12], 
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Thus,  by  means  of  aliovalent  substitution 
within  the  range  of  certain  structural  type  and  close 
chemical  compositions  it  is  possible  to  control  the 
properties  of  complex  oxide  systems  varying  them 
from  those  of  MW  dielectrics  to  those  of  cation 
conductors  and  semiconductors  -  ferroelectrics. 

The  synthesis  technique  should  ensure 
high  chemical  homogeneity  of  the  materials  to 
provide  the  highest  potential  level  of  their 
electrophysical  properties.  To  this  goal  the 
chemical  methods  of  synthesis  are  required. 
Regarding  the  functional  materials  the 
precipitation  from  solutions  could  be  considered  as 
the  most  generalized  technique.  However,  this 
method  is  characterized  by  significant  lacks.  In 
particular,  the  precipitates  formed  at  the  synthesis 
stage  require  prolonged  both  flushing  and  filtering 
stages.  Moreover,  after  preheating  the  precipitates 
form  the  conglomerates,  which  require  long-time 
mechanical  milling.  It  is  possible  to  show  that 
when  carrying  out  the  precipitation  these  lacks 
originate  in  the  high  speed  of  the  formation  of 
crystallization  centers  in  comparison  to  that  of  the 
diffusive  gram  growth.  In  order  to  overcome  the 
above  lacks  the  ways  of  the  enhancement  of  the 
precipitation  technique  have  been  developed.  The 
results  allowed  the  production  of  the  precipitates 
with  high  filtering  and  flushing  rates,  which  form 
soft  powders  after  the  thermal  treatment  and  do  not 
require  any  additional  milling.  This  also  allowed 
the  production  of  the  powders  with  nanosize 
particles  characterized  by  narrow  size  distribution 
[13]. 

As  an  outcome  of  the  investigation  carried 
out  new  functional  materials  and  elements  based 
on  them  for  the  applications  in  radio 
communication  and  mechanical  engineering  have 
been  developed  [14]. 
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During  last  10-15  years  the  new  perspective 
direction  of  the  hydride-forming  alloys  application 
appeared  These  materials  may  be  used  for  the 
substitution  of  the  poisonous  cadmium  in  very 
popular  nickel-cadmium  rechargeable  batteries. 
The  new  nickel-  metal  hydride  (Ni-MH)  batteries 
possess  enhanced  characteristics  and  arc 
ecologically  safe.  An  electrode  which  can  quasi- 
reversibly  store  a  large  quantities  of  hydrogen  is 
of  interest  as  a  construction  material  for  high 
energy  density  batteries  Secondary  batteries  using 
a  hydrogen  rechargeable  electrode  operate  in  a 
different  manner  than  lead/acid,  nickcl/cadmium 
or  other  battery  systems  Upon  application  of  an 
electrical  current  to  the  anode,  the  anode  material 
(Me)  is  charged  by  the  absorption  of  hydrogen: 

Me  +  xlTO  +  xe  ->  MeHx  +  xOH' 

Upon  discharge  the  stored  hydrogen  is  released  to 
provide  an  electric  current: 

MeHx  +  xOH'  — »  Me  +  xH20  +  xe' 

The  MH  electrodes  are  still  posed  essentially 
on  the  rare  earth-based  ABy-type  alloys  with  an 
electrochemical  capacity  of  less  than  300mAh/g. 
Zr-based  ABg-type  hydrogen-absorbing  alloys 
propose  30%  higher  capacity.  But  these  alloys 
require  very  strong  conditions  or  a  lot  of  cycles  for 
activation  and  their  extreme  characteristics  are  not 
stable  during  cycling  The  most  perspective 
materials  for  battery  application  are  Mg-based 
alloys.  The  research  on  Mg-based  alloys-hydrogen 
systems  has  increased  because  of  its  promising 
characteristics  (3.6  wt.  %  H  for  MggNiHg)  for  the 
use  in  vehicles,  which  is  demanding  a  low'cr 
material  cost  and  higher  hydrogen  storage  capacity 
than  in  the  conventional  secondary  nickel-metal 
hydride  batteries,  based  on  AB5  -type  alloys. 
However  the  kinetic  properties  of  Mg-based  alloys 
are  poor  and  the  hydrides  formed  are  too  stable  to 
release  hydrogen  at  low  temperatures.  It  has  been 
reported  that  amorphous  and  nanocrystalline  Mg- 
Ni  alloys  prepared  by  ball-milling  and  mechanical 
alloying  can  clectrochemically  absorb  and  desorb 
hydrogen  even  at  room  temperature  (theoretically 
discharge  capacity  may  achieve  900  mAh/g).  but 
the  cycle  life  of  these  alloys  is  very  short  [1] 

The  nncrostructure  of  the  hydrogen  forming 
alloys  strongly  effects  their  electrochemical 


characteristics.  Electrode  materials  with  disordered 
and  amorphous  structures  have  become  of  interest 
due  to  their  unique  combinations  of  mechanical, 
chemical  and  electrical  properties  Hydrides  of  the 
disordered  metal  alloys  are  capable  of  absorbing 
larger  amounts  of  hydrogen  than  their  ordered 
counterparts  and  possess  of  high  cycle-life. 
Method  of  the  Braked  Diffusion  Interaction 
(BDIM)  based  on  the  precise  sintering  have  been 
realized  [2,3],  which  allow'S  to  obtain  the 
LaNffsAlo?  and  LaNu^Co:  4AI0  1  alloys  with 
controlled  disordered  and  inhomogeneous 
structure.  Such  structure  consists  of  small 
deviation  from  average  correlation  of  different  B- 
type  elements  in  alloy  with  strictly  invariable 
correlation  between  B-  and  A-  type  constituents 
according  formula  ABs  The  alloys  LaNi45Alo5 
with  such  structure  possess  the  enhanced  cycle  life 
during  electrochemical  hydriding-dehydriding. 


Fig  1 


During  gas  atomization  of  liquid  metals 
very  high  cooling  rate  up  to  1 06K/s  can  be 
achieved  and  the  peculiar  structure  of  the  powders 
with  fine  grains  and  amorphous  component 
obtained.  Powders  of  the  hydride-forming  alloys 
with  such  structure  possess  enhanced  corrosion 
resistance  and  seem  to  be  promising  materials  for 
the  negative  electrodes  of  the  nickel/metal  hydride 
batteries.  The  gas  atomized  pow'ders  of 
LaNi4]5Al0i5.  LaNi2.5C02.4Alo  i- 

(Mm,La)Ni3.5Coo,7Al(X35Mntl>4Zro,o5  alloys  were 
prepared  [3-5]  and  separated  into  fractions  with 
different  particle  sizes  (Fig.  1 .)  The  morphology, 
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oxygen  content,  crystal  structure  of  the  powders 
depending  on  particle  size  have  been  analyzed  by 
means  of  XRD,  SEM,  EDS,  The  hydridmg  and 
electrochemical  properties  of  different  fractions 
were  evaluated  too.  The  fractions  with  particle  size 
less  than  50pm  have  a  poor  activity  at  both 
gaseous  and  electrochemical  hydriding.  On  the 
DTA  curve  of  the  fraction  of  small  particles  the 
additional  exothermal  peak  was  observed,  which 
could  be  attributed  to  the  thermal  induced 
crystallization  of  the  more  developed  amorphous 
component  of  the  small  particles  structure.  Gas 
atomized  powders  of  large  particles  sizes  display 
a  similar  hydrogen  and  electrochemical  capacity  as 
arc  melt  alloys. 

The  alloys  type  La(Mm)Ni5_xMex,  where  Me 
are  Co,  Mn,  Zr,  A1  and  other  metals,  are  most 
widely  used  material  for  the  production  of  the 
negative  electrodes  of  the  nickel/metal  hydride 
batteries  [3].  The  use  of  the  mishmetal  instead  of 
pure  La  allows  to  lower  the  alloy  cost.  The 
mishmetal  produced  in  Ukraine  have  the 
composition:  La  -  20-25%;  (Nd+Pr)  -  10-15%;  Ce  - 
48-55%;  Dy  -  0,5-1, 0%;  Y  -  4-5%;  Sm  -  1-1,5%.  It 
is  known  that  such  content  of  the  La  in  mishmetal 
is  not  enough  to  provide  the  high  level  of 
hydriding  and  electrochemical  properties.  The  La 
and  Co  have  been  added  to  improve  the 
electrochemical  activation  and  cycle  life 
characteristics.  The  alloy  with  additions  of  La  and 
Co  is  more  active  during  hydriding  and  needs  less 
time  for  activation  [6],  This  alloy  also  forms 
hydride  with  higher  content  of  hydrogen  up  to  1,5 
weight. %  and  electrochemical  capacity  about  240 
mA.h/g. 

For  the  preparations  of  the  scandium 
containing  AB5  alloy  we  used  the  Al-Sc  primary 
alloy,  which  contains  4  weight  %  of  Sc.  After  5 
cycles  of  charge-discharge  the  alloy 
LaNi2,5Co2.4Al(Sc)o,i  demonstrates  the 

electrochemical  discharge  capacity'  on  the  level  of 
300mA.h/g.  The  conventional  alloy  type 

LaNi2,5Co2.4Al  without  Sc  addition  have 

electrochemical  capacity  -  240mA.h/g.  So,  the 
small  additions  of  the  scandium  can  improve  the 
characteristics  of  hydride-forming  alloys  of 
electrochemical  application. 

Zirconium-based  alloy's  are  perspective 
materials  for  negative  electrodes  of  nickel-metal 
hydride  batteries.  At  the  same  time,  these  alloys 
have  a  number  of  lacks,  which  prevent  their  wider 
use.  The  basic  lacks  are,  firstly,  a  necessity  of 
additional  processing  for  alloys  activation  and, 
secondly,  the  insufficient  cycle  life  of  the  alloys 
with  really  high  specific  capacity  (more  than  400 


mAh/g).  We  studied  structure  and  electrochemical 
properties  (Fig. 2)  of  ZrMnojCrojVcuNimO), 
ZrMno.5Cro.1sAlo.1Ni1. 2(2)  and 

Zr0.59Ti041V0.53Cr0.22Fe0.20Co0.27Ni0.7sW  alloys  [7], 
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Fig. 2. 

1,2,3  -  corresponding  alloy  in  composite  with  Ni, 

4  -  pure  alloy  Nl 

For  the  determination  of  the 

electrochemical  properties,  such  as  discharge 
capacity  and  its  dependence  on  cycle  number,  the 
mixtures  of  the  alloys  powders  with  nickel  powder 
in  mass  proportion  1 : 1  were  prepared.  The 
electrochemical  measurements  were  carried  out  in 
scaled  cells.  The  alloy  ZrMno.5Cro.2Vo.1Ni1 .2  mixed 
with  nickel  already  in  first  cycles  demonstrated 
discharge  capacity  up  to  400  mAh/g.  At  the  same 
time,  without  Ni  this  alloy  needs  about  20  cycles 
to  reach  the  nominal  capacity. 
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TOUGHNESS  AS  CHARACTERISTIC  OF  MECHANICAL  STATE  OF 

STRUCTURAL  MATERIAL 

Kotrechko  S.,  Meshkov  Yu. 

G.V.Kurdyumov  Institute  for  Metal  Physics,  National  Academy  of  Sciences  of  the  Ukraine,  Kyiv 


Toughness  is  one  of  the  most  important  mechani¬ 
cal  properties  of  structural  materials  because  of 
their  mechanical  stability  under  the  conditions  of 
loading.  Toughness  nature  is  not  quite  simple  since 
this  property  appears  in  different  ways,  namely: 
ductility  at  fracture;  residual  ductility  in  the  pres¬ 
ence  of  crack  (it  is  fracture  toughness  K ]C );  en¬ 
ergy  of  fracture;  resistance  to  impact  loading  KCV ; 
resistance  to  embrittlement  at  cooling  of  metal  (it 
is  cold-resistance). 

All  these  characteristics  have  a  common  feature 
-  resistance  to  transition  to  brittle  state  i.e.  resis¬ 
tance  to  brittleness.  Therefore,  the  most  general 
definition  of  toughness  may  be  given  as  follows:  it 
is  the  measure  of  resistance  to  transition  to  brittle 
state  (toughness  parameter)  pT  : 

Pt  =  RMC  1/0  /(e)  (1) 

where  RMC  is  critical  stress  of  brittle  fracture  of 
metal  (it  “brittle  strength”);  o/(e)  is  maximum 
tensile  principal  stress  at  the  value  of  strain  that  is 
equal  to  e.  If  pj>l  then  metal  is  tough;  at  pj<l 

and  aj(e)><J02  (o02  is  proof  stress  at  e  =  0.002 
(0.2%))  metal  is  brittle. 

Principal  stress  o  j  ( e )  depends  on  the  value  of 
strain  hardening,  on  overstress  j  caused  by  the 
crack,  on  loading  rate  e  and  temperature  T.  All 
these  factors  affect  metal  and  result  in  certain  over¬ 
stress  Em  over  proof  stress  <J02  : 

ai(e)  =  a02-Em  (2) 

So 

PT  ~  rMC  ! 0 02  ■  Em  =  kT  !  Eni  (3) 

Here  Kj  =  RM(-  /o02  is  toughness  index. 

For  structural  concentrator  expression  for  Em 
is  the  following  [1]: 

E„=(JIKss)(a^Nlc  02)2",(l+">  (4) 
where  aG  is  Neuber  stress  concentration  factor; 
Ojy  is  nominal  (average)  stress;  n  is  Hollomon 
strain  hardening  index;  Kss  is  parameter  ac¬ 
counting  for  the  strain  gradient  within  the  local 
plasticity  region  near  concentrator. 

Toughness  parameter  pT  of  material  with 
stress  concentration  factor  a0  in  approximation  of 
small  plastic  region  (j  ~  1.15,  Kss~l)  may  be 
written: 


/>r=(tf7/1.15)(aoaw/o02)2»,<I+»>  (5) 

Ductile  metal  (KT  >1)  with  stress  concentra¬ 
tion  factor  a0  may  be  tough  ( pT>l )  or  brittle 
( Pt<1 )•  Th's  depends  not  only  on  its  structure 
(  Kt  ,  n)  but  also  on  environment  (a0 )  and  just  on 
the  level  of  applied  stresses  a ^  . 

Formula  (5)  expresses  local  toughness  parame¬ 
ter  pj  ahead  of  concentrator  with  stress  concen¬ 
tration  factor  aa  only  if  local  plastic  deformation 
started  i.e.  conditions  required  for  fracture  have 
now  arisen.  Consequently,  material’s  state  charac¬ 
terising  by  parameter  pT-l  means,  by  (5),  reali¬ 
sation  of  fracture  criterion  i.e.  for  material  with 
stress  concentration  factor  a0,  condition  pT  = 1  is 
sufficient  condition  for  its  fracture  because  stress 
guarantees  required  condition  of  yielding 
ahead  of  concentrator. 

It  results  from  formula  (5)  that  one  has  an  im¬ 
portant  possibility  to  select  safe  stress  level  [cr^r] 
for  material  with  specified  structure  (K T,  a02  ,  n) 
and  concentrator  characterising  by  a0  (for  given 
toughness  parameter  pT=1.30)  (see  Table  1). 

Parameter  pT  control  according  to  (5)  enables 
to  realise  an  optimal  combination  of  strength 
(o02)  and  toughness  ( Kr )  in  steels  in  which 
overbalance  of  toughness  (KT~  2.5  ...  3.0)  may  be 
decreased  to  safe  level  owing  to  increase  in 
strength  (o02  )  by  proper  heat  treatment. 

,  Unlike  conventional  characteristics  of  tough¬ 
ness  (KCV,  Klc ,  \)/ ),  toughness  parameter  pT 


Table 


Steel 

^  02  > 
MPa 

kt 

Pt 

MPa 

15FC 

380 

2.45 

1.64 

190 

30XrCA 

1360 

1.58 

1.30 

272 

40X 

700 

2.24 

1.59 

350 

18X2H4BA 

1060 

1.73 

1.31 

115 

allows  to  differentiate  influence  of  structure  ( KT , 
oq 2,  «)  and  mechanical  state  (a a,  j,  o,y)  on 
metal  toughness.  Besides,  such  approach  to  tough¬ 
ness  permits  to  combine  optimally  main  character¬ 
istics  of  metal  -  its  strength  o02  and  toughness 
Pt- 
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HYDROGEN-INDUCED  PHASE  TRANSFORMATIONS  AND  THEIR  USE 
IN  HYDROGEN  TREATMENT  OF  MATERIALS 

Goltsov  V.A. 

Donetsk  National  Technical  University,  Donetsk,  Ukraine 


Hydrogen  treatment  of  materials  [1]  is  based  on 
specific  peculiarities  of  hydrogen  giving  a  possi¬ 
bility  of  a  strong  and  controllable  action  on  mate¬ 
rials.  This  action  is  reversible  in  the  sense  that  hy¬ 
drogen  can  be  removed  from  a  material  up  to  very 
low  temperatures.  Hydrogen  action  on  materials 
comprises  physical,  chemical,  physico-chemical 
and  mechanical  components  [2]. 

Hydrogen  action  causes  a  disturbance  of  thermo¬ 
dynamic  conditions  of  a  material  existence.  As  a 
result  there  appears  a  thermodynamic  necessity  in 
hydrogen-induced  phase  transformations.  This  is 
the  so-called  ‘artificial’  hydrogen-induced  poly¬ 
morphism.  Hydrogen-induced  phase  and  structural 
transformations  are  classified  [2]  into  three  large 
classes:  hydride  (diffusive-cooperative),  diffusive 
and  intermediate  phase  and  structural  transforma¬ 
tions. 

Hydride  (diffusive-cooperative)  phase  transfor¬ 
mations  [3]  take  place  in  hydrogen-material  sys¬ 
tems  at  low  temperatures  (71<(0.2-0.45)7’m).  They 
have  a  diffusive-cooperative  synergetic  mecha¬ 
nism,  which  includes  two  different,  but  intercon¬ 
nected  and  mutually  conditioned  sub -mechanisms: 
diffusive  rearrangements  in  the  hydrogen  intersti¬ 
tial  subsystem,  and  a  cooperative,  martensite-like 
sub-mechanism  of  structural  rearrangements  in  a 
material  matrix. 

Another  significant  feature  of  hydride  transforma¬ 
tions  is  that  hydrogen  stresses  play  an  absolutely 
important  role  in  material-hydrogen  systems.  Near 
a  critical  point  of  a  transformation,  hydrogen  con¬ 
centration  stresses  are  first  generated  by  small  hy¬ 
drogen  inhomogeneities  (for  instance,  those  caused 
by  hydrogen  fluctuations).  Elastic  coherent  nuclei 
of  a  hydride  phase  are  produced  on  supercooling  or 
some  elevation  of  hydrogen  pressure.  In  metallic 
materials  during  the  process  of  a  nuclei  growth 
hydrogen  stresses  grow  too,  coherency  is  lost  at 
some  time  and  plastic  deformation  of  matrix  takes 
place.  In  turn,  this  gives  rise  to  a  mutual  redistri¬ 
bution  of  hydrogen,  evolution  of  hydrogen  stresses, 
etc.  In  other  words,  the  loss  of  coherency  and  a 
further  growth  of  hydrogen  precipitates  trigger  the 
mechanisms  of  hydrogen  phase  naklep  (cold 
work). 


So,  the  appearance  and  relaxation  of  very  strong 
internal  ‘hydrogen’  stresses  induced  by  hydrogen 
gradients  and  differences  in  the  specific  volumes 
of  transforming  phases  are  very  important  to  un¬ 
derstand  the  nature  of  this  class  of  phase  transfor¬ 
mations.  A  thermo(baro)-elastic-diffusive  braking 
of  the  transformation  or  even  equilibrium  of  trans¬ 
forming  phases  are  realized  during  hydride  trans¬ 
formations.  A  synthesis  of  the  knowledge  of  hy¬ 
dride  transformations  is  given  in  [2].  Kinetics  and 
morphology  of  hydride  and  f-^a  phase 

transformations  can  be  found  in  [3]. 

Hydrogen  treatment  based  on  this  class  of  trans¬ 
formations  permits  the  preparation  of  stronger 
metals,  the  production  of  fine  structure  metallic 
materials,  superstrong  materials  with  a  high  TRIP 
plasticity,  materials  with  a  memory  shape  effect, 
the  production  of  an  intermetallic  material  powder, 
and  makes  the  powdering  easier  (HD  process). 

Hydrogen-induced  diffusive  phase  transformations 
[4]  take  place  at  elevated  temperatures  (7>(0.2- 
0.45)rm).  They  have  a  mechanism  of  nucleation 
and  diffusion-controlled  growth.  The  kinetics  of  a 
hydrogen-induced  phase  transformation  in  the 
Nd2Fei4B-type  alloys  was  studied  in  [4], 

At  all  temperatures  (600-750°C)  there  was  a  trans¬ 
formation  incubation  period  (30-90  sec).  Analysis 
of  the  mechanism  of  the  transformation  was  carried 
out  [4]  using  the  Avrami  theory,  according  to  which 
a  phase  transformation  can  be  described  by: 

k  =  1-  exp(-df)  , 

where  k  is  a  degree  of  transformation,  t  is  time,  d 
and  n  are  constants. 

The  results  were  plotted  in  coordinates:  lnln[l/(l- 
&)]-lnt.  The  curves  were  parallel  straight  lines,  the 
slope  of  which  gave  «=1.06.  By  the  Avrami  theory, 
if  n  -  1-1.5,  a  transformation  has  a  nucleation  and 
growth  mechanism  with  diffusion-controlled 
growth  of  particles  of  new  phases.  This  result  is 
very  important  and  it  confirms  that  hydrogen- 
induced  phase  transformations  at  elevated  tem¬ 
peratures  (T  >(0.2-0.45)rm)  have  a  classical 
mechanism  of  nucleation  and  growth  and  are  con¬ 
trolled  by  a  long-range  diffusion  of  material  atoms. 
Therefore,  they  may  be  classified  as  hydrogen- 
induced  diffusive  phase  transformations. 
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Processes  based  on  transformations  of  this  class 
permit  the  production  of  materials  with  a  changed 
phase  structure,  with  the  finest  grain  and  sub-grain 
structure,  etc.  For  example,  this  transformation  is 
the  basis  of  a  very  well-known  FIDDR  process 
permitting  the  production  of  high  coercive  mag¬ 
netic  materials  of  the  Nd-Fe  B  type. 

Hydrogen-induced  intermediate  transformations 
12]  take  place  at  moderate  temperatures 
(0.2rni<7’<0.45iFm).  The  main  peculiarity  of  this 
class  of  transformations  is  that  only  short-range 
(atomic  scale)  rearrangements  of  atoms  -  compo¬ 
nents  of  a  material  -  take  place.  Dissolved  hydro¬ 
gen  changes  the  interaction  of  atoms  components 
of  a  material.  Thus,  if  under  the  action  of  hydrogen 
the  interaction  of  atoms  of  different  species  be¬ 
comes  stronger,  there  might  be  an  atomic  ordering 
transformation.  On  the  contrary,  if  the  interaction 
of  the  same  atoms  becomes  stronger,  there  might 
be  an  atomic  segregation  transformation.  Hydro¬ 
gen-induced  amorphization  (HI A)  is  a  transforma¬ 
tion  of  the  same  class.  Common  conditions  of  111  A 
taking  place  in  solid  state  materials  were  formu¬ 
lated  in  the  middle  of  the  1980s  [2j: 

1.  Initial  intennetallic  alloys  of  the  A„Bm 
(A B,,,.vDv)-type  must  consist  of  atoms  having 
a  large  difference  in  their  affinity  for  hydrogen. 
Atom  A  must  be  a  potent  hydride-forming  element 
(Zr.  Ti.  etc.)  and  B  must  be  a  non-hydride  forming 
element  (Fe.  Co.  Ni.  Rh.  Al.  Ga,  etc  ). 

2.  This  intennetallic  alloy  in  a  homogenized 
crystal  state  should  be  able  to  absorb  hydrogen  at 
low  to  moderate  temperatures  and  form  a  hydride 
which  is  less  stable  than  the  hydride  of  element  A. 

3.  Such  an  alloy  as  a  AnBmPIx  hydride  alloy 
is  thermodynamically  unstable.  At  elevated  tem¬ 
peratures.  when  an  enhancement  of  diffusivity 
takes  place,  the  A„BmHN  hydride  alloy  will  undergo 
a  diffusive  phase  transformation  and  will  be  trans¬ 
formed  from  a  mono-phase  state  to  a  poly-phase 
state.  Usually,  one  of  these  phases  is  the  hydride  of 
element  A,  or  a  phase  based  on  it.  The  other  phase 
without  hydrogen  or  with  a  low  hydrogen  content 
is  based  on  the  crystal  phase  of  element  B.  As 
mentioned  above  a  hydrogen-induced  diffusive 
phase  transformation  needs  a  long-range  diffusion 
of  metal  atoms.  Therefore,  for  kinetic  reasons  they 
cannot  he  fulfilled  at  low  and  moderate  tempera¬ 
tures. 

4.  Under  the  above  conditions  there  must 
exist  some  moderate  or  low  to  moderate  tempera¬ 
ture  interval  where  a  short  (atomic)-rangc  diffusion 
only  is  possible.  At  this  moderate  temperature  un¬ 
der  the  same  thermodynamic  driving  force,  short- 


range  diffusive  rearrangements  of  the  structure 
might  be  realized,  and  unstable  (but  frozen)  or 
metastable  structural  states  will  be  formed.  There¬ 
fore,  HI  A  is  one  of  those  intermediate  transforma¬ 
tions  leading  to  the  formation  of  an  amorphous 
structure. 

Many  investigations  have  been  conducted  (see,  for 
example.  Refs.  [2])  and  an  understanding  of  HI  A  is 
now  much  deeper.  More  than  70  intermetalhcs 
have  been  already  amorphized  by  the  HI  A  treat¬ 
ment  [2].  They  arc  intermetalhcs  of  the  following 
types:  A3B  with  LU  (f.c.c.)  crystal  structure 
(Zr3Rh,  etc.)  and  with  DO,*,  crystal  structure 
(ThGa.  etc.);  A2B  with  C23  crystal  structure  (Y2A1, 
etc.)  and  with  B8->  crystal  structure  (Zr3Al,  etc.y 
AB?  with  Cl 5  crystal  structure  (CeFe2,  etc.). 

The  transformations  of  this  class  provide  great 
possibilities  of  improving  the  structure  and  proper¬ 
ties  of  metallic  and  intennetallic  materials. 

From  the  kinetic  viewpoint,  it  is  very  important 
that  hydrogen  accelerates  greatly  material  atom 
diffusion.  Therefore,  a  hydrogen-induced  diffusive 
rearrangement  of  the  atomic,  micro  and  macro¬ 
structure  of  materials  might  be  achieved  at  much 
lower  temperatures  than  it  was  conceived  before. 

Hydrogen-controlled  phase  transformations  [2]  in 
polymorphic  metals  and  alloys  may  be  considered 
as  a  special,  very  wide  class  of  transformations. 
This  class  of  transformations  is  rather  well  studied 
in  titanium  alloys.  They  arc  the  basis  of  many 
HTM-tcchnologies  permitting  the  improvement  of 
the  structure  and  properties  of  many  titanium  al¬ 
loys,  the  improvement  and  creation  of  industrial 
technologies  to  produce  deformed  and  cast  articles 
and  constructions. 
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Quasiperiodic  phases  or  quasicrystals  (QC)  with 
“noncrystallographic”  symmetries  five,  ten  and 
others  have  been  found  in  numerous  alloy  systems. 
In  several  systems  they  exhibit  remarkable  thermal 
stability  at  elevated  temperatures,  which  permits 
them  to  be  classified  as  equilibrium  phases  at  these 
temperatures.  Apart  from  QCs,  related  periodic 
phases  with  complicated  structures  containing 
hundreds  of  atoms  in  their  unit  cells  are  known  in 
these  alloy  systems. 

QC  phases,  discovered  in  1984,  become  more  and 
more  popular  for  the  basic  and  applied  research. 
To  date  a  wide  spectrum  of  QC  modem  materials 
including  large  single-crystal  QCs  are  produced 
and  studied  in  a  number  of  leading  laboratories  in 
Europe,  USA  and  Far  East.  Some  interesting  pecu¬ 
liarities  in  their  thermal,  wear,  electronic  properties 
and  mechanical  behavior  were  observed  [1].  The 
discovery  of  QCs  stimulated  also  structural  inves¬ 
tigation  of  crystalline  phases  forming  at  adjacent 
compositions.  Progress  in  the  investigation  of  these 
novel  materials  depends  on  the  good  knowledge  of 
the  corresponding  phase  diagrams.  Moreover,  the 
study  of  phase  equilibria  also  has  a  basic  scientific 
interest  for  the  understanding  of  the  phase  forma¬ 
tion  rules  in  these  alloy  systems. 

Among  the  alloy  systems  containing  QCs  those  of 
A1  with  the  d-transition  metals  (TM)  are  most 
widely  investigated.  In  these  systems  QCs  are  usu¬ 
ally  formed  in  Al-rich  regions,  their  compositions 
vary  from  one  alloy  system  to  another  but  are  still 
in  the  limits  between  60  and  80  at.%  Al.  In  binary 
Al-TM  systems  (TM  =  V,  Cr,  Mn,  Fe,  Co,  Ni;  Mo, 
Ru,  Rh,  Pd;  W,  Re,  Os,  Ir,  Pt)  they  are  metastable 
and  can  be  produced  by  rapid  solidification.  With 
i  addition  of  a  third  element  (also  TM)  they  can  be 
stabilized  in  a  number  of  alloy  systems  as  Al-Ni- 
(Fe,  Co,  Ru,  Rh),  Al-Cu-(Fe,  Co,  Ru,  Rh),  Al-Pd- 
(Mn,  Re)  [1-3], 

In  order  to  clarify  the  thermodynamic  stability  of  a 
phase  one  need  to  investigate  a  reasonable  part  of 


the  corresponding  phase  diagram.  The  current  in¬ 
formation  concerning  many  alloy  systems,  even 
the  above  mentioned  list  is  not  systematic  and  reli¬ 
able.  More  investigations  are  necessary. 

In  this  contribution  we  present  the  state  of  the  art 
of  the  physical  chemistry  of  the  binary  and  ternary 
alloy  systems  of  Al  with  TM  containing  QCs  and 
related  periodic  phases,  including  the  recent  origi¬ 
nal  data  of  authors  ([4-12],  for  example). 
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Phase  equilibria  investigations  in  the 
systems  including  oxides  with  the  melting  points 
above  2000  °C  were  initiated  in  1PMS  NAS  of 
Ukraine  by  Prof.  S.G.Tresviatsky  in  1962.  At  the 
beginning  of  these  investigations  the  interaction  of 
oxides  of  rare-earth  elements  (REE)  with  highly 
refractory  oxides  of  II-1V  groups  elements  of  the 
periodic  system  was  one  of  the  less-studied  areas 
of  high-temperature  chemistry.  The  literature  data 
concerned  mainly  some  binary  REE-oxides 
systems  with  silica  and  alumina. 

The  first  investigation  subjects  were  the 
phase  diagrams  of  the  binary  REE-oxides-MgO 
and  Cr203  systems.  These  investigations  revealed 
that  in  the  systems  studied  a  number  of  phases 
formed  at  high  temperature  were  not  retained  at 
room  temperature  at  the  cooling  rates  less  than  102 
deg/sec  that  were  common  in  the  laboratory 
practice.  So  a  number  of  investigation  methods 
were  developed  and  improved  in  the  department, 
as  well  as  such  apparatus  for: 

•  DTA  in  reducing  and  inert  environment  up  to 
2500°C  using  the  principle  of  string 
thermocouple  by  Yu. O.Kochergh insky. 

•  Thermal  (TA)  and  derivative  thermal  analyses 
(DrTA)  in  air  using  a  solar  furnace  up  to  3000 
°C,  that  determine  phase  transitions 
temperatures  from  the  radiation  of  a  turning 
cavity  and  a  surface  of  the  samples  partially 
fused  in  the  focus  of  a  solar  furnace; 

•  Realization  of  rapid  quenching  from  the  liquid 
state  at  different  cooling  rates  varying  from  104 
to  10'  deg/sec  using  concentrated  solar 
radiation. 

•  Synthesis  and  melting  of  the  samples  at  the 
equilibrium  partial  oxygen  pressure  conditions 
using  radiant  heating  to  avoid  sample 
contamination. 

The  developed  methods  allowed  not  only  to 
raise  the  investigation  temperature,  but  also  to 
study  such  systems  as: 

oxide  systems  with  cations  to  have  the  ability  to 
change  the  oxidation  grade  depending  on  oxidizing 
potential  of  a  media  (Eu3+,  Eu2',  Ti4",  Ti3+,  Tb4'  , 
Tb  etc.)  and  the  systems  with  slightly  volatite 
components  like  magnesium,  strontium,  barium, 
chromium  oxides  because  it  was  possible  to  melt 
the  samples  and  quench  them  in  several  seconds 
without  noticeably  upsetting  the  stoichiometry. 


The  crystal  growing  method  from  solution  in 
the  melt  for  some  compounds  was  developed  for 
the  detailed  investigation  of  compounds  structure 
especially  useful  in  practice  such  as  lanthanum  and 
yttrium  chromites.  It  allowed  to  explain  the 
properties  changes  when  proceeding  from 
lanthanum  chromite  to  lutecium  chromite. 

Phase  composition  of  the  melted  and 
annealed  samples  was  studied  by  microstructurial, 
petrographic  and  X-ray  analyses.  The  samples 
were  also  examined  by  means  of  scanning  electron 
microscopy  and  electron  microprobe  X-ray 
analysis. 

As  a  result  DTA  and  TA  methods  allowed  to 
investigate  high  temperature  reversible 
polymorphic  transitions  of  the  lanthanide  pure 
oxides  (>1800  °C)  and  to  determine  their  melting 
temperatures. 

Phase  diagrams  of  the  binary  systems 
composed  of  REE-oxides  and  alkali-earth  oxides, 
zirconia,  hafnia,  titania,  alumina,  REE-oxides  and 
others  were  explored.  Altogether  over  60  binary 
systems  were  studied  first  and  over  30  binary 
systems  were  reinvestigated.  It  was  found  that  the 
modification  of  phase  diagram  type  in  the  ranks  of 
system  studied  took  place  mainly  at  the  Nd  -  Sm 
and  Ho  -  Er  elements  like  in  the  ranks  of  other 
compounds  classes,  where  one  of  the  components 
was  the  appropriate  RE-compound.  The  systems 
including  yttria  are  similar  to  the  systems  with 
lanthanoidas  from  yttrium  subgroup.  The  scandia 
including  phase  diagrams  along  with  certain 
similarities  with  lanthanoid  series  end  phase 
diagrams  revealed  some  differences  concerned 
with  specific  features  of  scandium,  which  is  on  the 
one  hand  a  transition  element  and  on  the  other 
hand  the  group  lanthanoid  analogue. 

In  the  middle  of  80-ties  the  investigation  of 
ternary  oxide  systems  began.  The  binary  systems 
we  had  studied  before  were  the  basis  of  these 
investigations.  Last  years  nearly  30  phase  diagrams 
have  been  studied  first  in  temperature  range  1250- 
2800  °C:  Hf(Zr)02  -  MgO  -  Y202,  Hf(Zr)02  - 
CaO  -  Y203,  Zr02  -  A1203  —  REE-oxides, 
Hf(Zr)02  -  Y202  -  REE-oxides,  Hf(Zr)Cb  -  CeCb 
-  Y202,  Hf(Zr)02  -  Ti02  -  AL03,  HfO,  -  ZrO,  - 
A!(Sc,Y)203,  Hf02  -  Zr02  -  Ti02. 

The  common  feature  of  the  studied  systems 
is  the  absence  of  ternary  compounds,  i.  e.  the 
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interaction  character  in  boundary  binary  systems 
defines  the  phase  equilibria  in  ternary  systems.  The 
most  typical  feature  of  the  systems  including 
titania,  hafnia,  zirconia,  magnesia,  calcia,  REE- 
oxides  is  the  formation  of  solid  solution  regions  of 
different  extension  on  the  base  of  different  crystal 
modifications  of  initial  components  and 
intermediate  compounds  of  the  binary  systems.  In 
Al203-containing  systems  ternary  solid  solutions 
actually  were  not  found.  The  existence  and  absence 
of  solid  solutions  defines  the  design  of  different 
materials  types,  especially  structural  ceramics. 

The  studied  systems  became  the  base  for 
creating  of  high-performance  materials  for 
engineering  industry,  medicine,  power 
engineering,  metallurgy  and  other  branches.  Just  so 
-  from  phase  diagram  study  to  materials  design  - 
Prof.  S.G.Tresviatsky  saw  the  evolution  of  these 
researches  when  starting  them  in  the  department. 

The  following  candidates  of  chemical 
sciences:  Pavlikov  V.M.,  Lugin  L.I.,  Kuschewsky 
A.E.,  Ogorodnikova  A.A.,  Maister  I.M., 
Gerasimjuk  G.I.,  Nigmanov  B.S.,  Obolonchik 
T.V.,  Red’ko  V.P.,  Andrijevskaya  O.R.,  Lakiza 
S.M.,  Zajtseva  Z.J.  and  others  took  part  in  these 
investigations. 
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AND  FIELDS  OF  ITS  APPLICATON 
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The  systems  Zr02-Y203-Ln203  (where  Ln=  La, 
Sm,  Eu,  Gd,  Er)  are  perspective  from  the 
standpoint  of  creation  high  refractory  materials 
and  ones  with  increased  strength  characteristics  in 
which  the  composition  of  both  matrix  and 
strengthening  phase  is  the  same.  Zirconia-based 
materials  are  used  in  high-temperature  thermal 
barrier  coatings,  solid  electrolytes,  oxygen  and 
chemical  sensors,  fuel  cell  membrane,  rods  for 
nuclear  reactors  etc. 

However,  phase  equilibria  in  the  mentioned 
ternary  systems  were  not  studied.  First,  the  phase 
equilibria  in  the  systems  were  studied  on  melted 
and  annealed  samples  in  the  wide  range  of 
temperatures  (1250-3000  °C)  and  concentrations 
by  experimental  methods:  X-ray  diffraction, 
thermal  analysis  in  air  using  a  solar  furnace  at 
temperatures  to  3000  °C,  differential  thermal 
analysis  in  He  at  temperatures  to  2500  °C, 
microstructura!  and  petrographic  analyses, 
electron  microscopy  and  theoretical  means: 
development  of  a  mathematical  models  for  the 
liquidus  surfaces  by  a  reduced  polynomial 
method. 

Isothermal  sections  of  these  phase  diagrams  at 
1900,  1600,  1550,  1500  and  1250  °C  were 
created.  No  new  phases  were  found.  Phase 
equilibria  are  determined  by  the  constitution  of 
the  boundary  binary  systems.  Solid  solutions  are 
based  on  hexagonal  (H  and  A),  monoclinic  (B), 
cubic  (C  and  X)  polymorphous  forms  of  the  rare 
earth  oxides,  monoclinic  (M),  tetragonal  (T), 
cubic  (F)  Zr02  as  well  as  ordered  phases 
crystallizing  in  perovskite-type  structure  with 
rhombic  distortions  LaY03  (R)  in  the  system 
Zr02-Y203-La203  and  cubic  pyrochlore-type 
compound  Ln2Zr207  (Py)  in  the  systems  Zr02- 
Y2C>3-Ln203  (Ln=  La,  Sm,  Eu). 

Phase  equilibria  in  these  systems  correspond  to 
relatively  high  thermodynamic  stability  of  the 
lanthanum  zirconate  (AH=80-126  kJ/mol),  which 
reacts  with  the  all  phases  of  the  system.  Third 
component  dopant  (Zr02)  was  stated  to  expand 
the  temperature  interval  of  R-phase  existence. 
Mutual  dopant  effect  of  the  component  on  the 
polymorphous  transformations  is  analyzed.  The 
variation  of  the  homogeneity  field  boundaries  for 


the  pure  components  and  intermediate  compounds 
Ln2Zr207  and  LaY03  as  well  as  their  thermal 
stability  is  depended  on  the  relation  between  ion 
radii  of  the  cations.  These  regularities  are 
experimentally  revealed  and  discussed  in  view  of 
spatial  model  of  the  substitution-type  solid 
solutions. 

The  liquidus  and  solidus  surfaces  of  the 
systems  Zr02-Y203-Ln203  (Ln-  La,  Sm,  Eu,  Er) 
are  described. 

The  liquidus  surface  of  the  Ianthana  system 
consists  of  five  fields  of  phase-primary 
crystallization  based  on  F-Zr02,  C  and  H-Y203, 
X-La203,  La2Zr207  (Fig.  1).  It  also  includes  three 
four-phase  invariant  equilibria,  there  are  peritectic 
types.  The  coordinates  of  the  invariant  points: 
29  mol  %  Zr02,  42  mol  %  Y203  at  2250  °C  (U,), 
12  mol  %  Zr02,  66  mol  %  Y203  at  2200  °C  (U2) 
and  24  mol  %  Zr02,  24  mol  %  Y203  at  2070  °C  (U3). 

Four  fields  of  primary  crystallization  of  C-,  H- 
Y203,  F-Zr02  and  X-Sm203  phases  form  the 
liquidus  surface  of  the  Zr62-Y203-Sm203  system 
(Fig.  2).  There  are  two  four-phase  invariant  points 
of  peritectic-type  reactions  with  the  coordinates 
15  mol  %  Zr02,  50  mol  %  Y203  at  2330  °C  (Ui) 
and  13  mol  %  Zi02, 70  mol  %  Y203  at  2360  °C  (U2). 

The  liquidus  surface  of  the  Zr02-Y203-Eu203 
system  is  consisted  of  four  fields  of  phase  primary 
crystallization  based  on  the  Zr02  phase  with  the 
fluorite-type  of  structure  and  H,  C  forms  of  Y203 
as  well  as  X-Eu203  (Fig.  3).  There  are  two 
invariant  points  four-phase  equilibria  of 
peritectic-type  on  the  liquidus  with  the 
coordinates  20  mol  %  Zr02,  50  mol  %  Y203  at 
2340  °C  (U,)  and  20  mol  %  Zr07,  40  mol  %~Y703 
at  2310  °C  (U2). 

The  system  Zr02-Y203-Er203  is  characterized 
by  the  formation  of  extended  solid  solutions 
based  on  the  fluorite-type  form  of  Zr02  and  cubic 
and  hexagonal  forms  of  Y203  and  Er203  (Fig.  4). 
The  boundary  curves  of  these  solid  solutions  have 
the  minima  at  2350  °C  (18.0  mo!  %  Zr02,  39.0 
mol  %  Y203)  and  2330  °C  (12.5  mol  %ZrCL, 
41.0  mol  %  Y203). 

The  phase  diagrams  evolution  of  the  ternary 
oxide  systems  Zr02-Y203-Ln203  is  under 
consideration  (Ln203  is  the  rare  earth  oxides). 
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Such  evolution  originates  from  ion  radius 
decrease  in  the  row  of  sesquioxides  from  La3+ 
(0.114  nm)  to  Lu3+  (0.084  nm).  The  phase 
diversity  in  these  systems  is  defined  by  the 
relation  between  ion  radius  of  Ln3+  and  that  of 
Zr4+  (0.083  nm)  or  Y3+(0.092  nm). 


The  minimal  melting  temperature  for  the  Zr02- 
Y2O3-EU2O3  system  is  2130  °C  (e2),  maximum 
temperature  of  the  liquidus  surface  is  equal  to 
2750  °C,  which  corresponds  to  the  melting  point 
of  80  mol  %  ZrO2-20  mol  %  Y203. 
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Fig.  1 .  Projection  of  the  liquidus  surface  for  the 
Zr02-Y203-La203  system  (O  -  experimental 
points). 


Fig.  3.  Projection  of  the  liquidus  surface  for  the 
Zr02-Y203-Eu203  system  (O  -  experimental 
points). 
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Fig.  2.  Projection  of  the  liquidus  surface  for  the  Zr02-Y203-Er203  system  (O  -  experimental 

Zr02-Y203-Sm203  system  (calculated).  points). 
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The  materials  on  a  basis  of  carbides,  borides, 
carboborides  of  metals  have  wide  application  in 
various  spheres  of  a  national  economy.  But  their 
use  has  the  large  prospects,  as  the  modifying  by 
their  various  additives  essentially  changes  their 
properties.  In  this  respect  urgent  there  arc  items  of 
information  on  thermal  properties  both  phase 
equlibrium  of  compounds  and  compositions  on 
their  basis,  which  should  be  investigated  experi¬ 
mentally,  and  also  to  simulate  because  of  this  re¬ 
fractory  and  high  hardness. 

The  purpose  of  the  present  work  was  to  inves¬ 
tigate  interaction  in  quasibinary  FeB2(NitB,Co:,B)-C 
in  a  solid  and  liquid  condition,  and  also  to  predict 
character  of  interaction  in  a  wide  interval  of  compo¬ 
sition  of  temaiy  alloys  of  Fe(Co,Ni)-B-C  systems. 
Samples  for  study  phase  equilibrium  prepared  by 
hot-pressing  well  crushed  powders  of  compounds 
C’o.iB,  NhB.  i  cIT  of  the  mark  "pure"  and  spectral- 
pure  with  pure  graphite,  then  melted  in  the  arc- 
fumace.  The  obtained  alloys  alloed  at  1500  and 
2000  K  during  8  h  and  1  h.  accordingly.  X-ray,  met- 
allographic  and  differential-thermal  studies  have 
shown,  that  all  three  systems  are  eutectics  one.  The 
temperatures  and  composition  for  proposed  eutectics 
are  given  below: 

l-'cBi-C  1 8 1 5  K .  26  weights  % 

CojB-C  1739  K.  34  weights  % 

NijB-C  1700  K.  45  weights  % 

The  alloys  of  these  sections  also  were  inves¬ 
tigated  by  a  high  temperature  isoperibolic  calo¬ 
rimetry  at  1900  K.  Samples  from  graphite  heated 
up  to  1600  K.  and  in  liquid  bath  was  placed 
remelted  alloys.  Determined  enthalpies  of  mixing 
have  appeared  small  values,  that  is  visible  from 
the  given  below  data. 
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From  known  thcnnochemical  properties  of 
binary  boundary  systems  { 2]  by  use  Toop  equa¬ 
tion  and  non-symmetrical  Bonicr-Caboz  method 
the  same  parameters  for  temaiy  Fe(Co,Ni)-B-C 
systems  in  wide  composition  interval  (fig.  1)  are 
predicted. 
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Fig.  1 .  Isoenthalpy  of  mixing  in  ternary  melts 
Fe(Co,  Ni)-BT7. 
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It  is  visible,  that  the  strongest  interparticle 
interaction  is  characteristic  for  threefold  system 
Fe-B-C,  which  can  predict  formation  of  new  com¬ 
pounds. 

Using  all  set  of  the  thermodynamic  data  and 
the  known  items  of  information  about  phase  equi¬ 
librium  have  been  simulated  state  diagrams  of 
ternary  systems,  i.e  Fe(Co,Ni)-B-C.  The  received 
data  in  the  form  of  isothennal  sections  are  given 
in  a  fig.  2. 


Fig.  2.  Isothermal  sections  of  ternary  Fe(Co,  Ni)- 
B-C  systems  at  1000  K. 

It  is  necessary  to  note,  that  agrees  of  the  deter¬ 
mined  state  diagrams  in  them  the  ternary  com¬ 
pounds  are  not  formed.  It  has  been  confirms  char¬ 
acter  of  interaction  in  a  number  of  ternary  Me-B- 
C  systems,  but  will  not  completely  be  coordinated 
to  diagram  of  state  for  Fe-B-C,  given  in  Ref.[2]. 
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COMPUTER  MODELING  OF  GAS  EUTECTIC  REACTION 
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Introduction 

Simultaneous  formation  of  solid  and  (hydrogen) 
gas  from  the  liquid  takes  place  in  M-H  alloys 
having  gas-eutectic  compositions.  This  reaction 
was  named  gas  eutectic  reaction  [1-3]. 

An  ordered  combination  of  phases  termed  gasarite 
may  arise  from  a  gas  eutectic  reaction.  It  is 
comprised  of  a  polycrystalline  solid  matrix  and 
continuous  oriented  pores  filled  with  hydrogen. 
The  gasarite  forms  at  solidification  velocities 
ranging  from  0.05  to  5  mm/s.  The  hydrogen 
content  and  the  gas  pressure  largely  determine  its 
morphological  characteristics  over  the  solidifying 
melt. 

Short-range  order  of  pores  with  a  coordination 
number  of  about  6  is  observed  in  a  plane  normal 
to  the  direction  of  solidification. 

The  pore  size  distribution  is  dependent  on  gasarite 
formation  conditions  and  is  nonuniform,  because 
concurrent  growlh  of  large  and  small  pores  is 
possible. 

As  the  solidification  front  advances,  the  average 
pore  diameter  is  increased  and  neighboring  pores 
may  coalesce  now  and  again.  No  branching  of 
pores  ever  occurs. 

A  pore  may  have  periodic  necks  over  its  length. 
Pore  growth  arrest  and  nucleation  of  new  pores 
may  occur  all  through  the  solidification. 

No  gasarite  pores  are  nucleated  on  the  mold 
surface.  A  nonporous  metal  skin  0.05-5  mm  thick 
forms  first. 

In  what  follows,  an  attempt  is  made  to  explain 
mechanisms  of  phase  nucleation  and  growth  in 
gas  eutectic  reaction  on  the  basis  of  experimental 
data. 

Major  Results 

Nucleation.  It  is  believed  that  nucleation  of  a 
gaseous  phase  in  a  liquid  is  heterogeneous,  i.e. 
occurs  on  existing  discontinuities  in  the  liquid 
bulk  or  at  the  liquid/solid  interface.  The 
discontinuities  may  vary  in  nature,  like 

•  gas  bubbles  entrained  from  the 
atmosphere  during  melt  pouring  or 
stirring, 


•  bubbles  formed  in  passing  a  gas 
through  the  melt, 

•  small  bubbles  caused  by  cavitation, 

•  small  pits  on  the  surface  of  high- 
melting  particles  suspended  in  the 
melt, 

•  small  pits  on  the  mold  walls, 

•  regions  where  the  liquid  does  not 
contact  the  solidification  front. 

The  gaseous  phase  nucleation  in  formation  of 
ordered  gas-solid  structures  may  occur  at  the 
solidification  front  or  on  high-melting  particles 
suspended  in  the  liquid  ahead  of  the  front.  The 
first  mechanism  would  seem  more  viable.  The 
critical  radius  of  bubble  nuclei  is  shown  to 
hyperbolically  decrease  with  pressure.  The  bubble 
nucleation  rate  is  increased  accordingly. 

Gasarite  growth.  In  the  gasar  process,  solid 
metal  precipitates  from  the  liquid  simultaneously 
with  gas.  No  decrease  in  pressure  is  necessary  for 
this  to  happen.  Moreover,  increasing  pressure  is 
commonly  needed  to  produce  an  ordered 
structure. 

Gasar  pore  formation  follows  a  mechanism 
distinct  from  that  of  evolution  of  gas  in 
carbonated  beverages  or  bubbling  in  a  boiling 
liquid.  Furthermore,  the  ellipsoidal  pore  growlh 
cannot  be  ascribed  to  stretching  of  gas  bubbles  by 
the  advancing  solidification  front. 

The  gasar  pore  growlh  proceeds  by  hydrogen 
transverse  diffusion  ahead  of  the  solidification 
front  and  concurrent  advancement  of  the  solid  and 
the  gaseous  phase  into  the  melt.  When  the  growth 
rates  of  the  two  phases  are  equal,  an  "ideal" 
structure  including  cylindrical  channelways  in  a 
nonporous  matrix  should  form. 

Unlike  in  solid-solid  eutectics,  the  gasarite  pore 
spacing  is  determined  not  only  by  diffusional  self¬ 
adjustment.  Rather,  it  is  a  function  of  the 
nucleation  conditions  and  the  solidification 
pressure 

A  pore  may  be  terminated  by  any  of  the  following 
causes: 
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•  nucleation  of  a  new  pore  in  a  space 

between  the  growing  pores.  Pore  coarsening  in  growth  of  a  gas  eutectic  may 

•  supplementary  removal  of  heat  from  be  caused  by  wedging  (see  Figure  on  top)  or  pore 

the  bubble  tip  via  thermal  radiation  coalescence  (see  Figure  on  bottom).  Wedging  is 

into  the  channelway,  and  pressure  mainly  observed  at  low,  and  coalescence  at  high 

reduction  in  the  pore  due  to  the  gas  void  fractions. 

average  temperature  declining  as  the 
pore  extends. 


Liquid  alloy 
saturated  with 
hydrogen 


Pores  filled  with 
hydrogen 


Solid  alloy 


Heat  removing  direction 


Some  conical  pores  result  from  wedging  while 
their  massive  formation  is  due  to  pressure  changes 
in  solidification. 

Corrugated  pores  may  form  due  to  periodical 
changes  of  pressure  above  the  melt.  Similar 
effects  are  caused  by  repeated  detachment  of 
bubbles  from  the  solidification  front. 

Pore  orientation  in  gasarite  is  determined  by  the 
shape  of  the  solidification  front,  because  the 
growth  vector  direction  of  a  pore  is  always  normal 
to  the  front  at  its  location. 
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Computer  structure-imitating  model  of  spherical 
particles  sintering  is  used  for  computational 
experiments,  representing  the  sintering  process 
from  a  viewpoint  of  its  representation  in  three 
stages:  filling,  sintering,  recrystallization  and 
normal  grain  growth. 

Initial  green  compact  is  formed  during  the  filling 
stage.  Random  close  packing  (RCP)  of  spherical 
particles  represents  initial  unordered  structure  of 
powder  body.  To  create  RCP  from  spheres  with 
different  sizes  in  a  bunker  with  flat-walls  we  use 
an  algorithm  based  on  the  following  physical  idea. 
The  spheres  are  generated  according  to  the  chosen 
law  of  size  distribution  and  are  dropped  to  the 
bunker  either  from  one  point,  or  from  randomly 
chosen  positions.  As  soon  as  the  dropped  sphere 
encounters  an  obstacle  -  the  bunker  wall  or  an 
already  packed  sphere  -  it  sticks  to  it  (without 
impact)  and  begins  to  slide  on  its  surface  in  the 
direction  of  the  minimum  of  the  potential  energy 
to  the  following  obstacle.  (This  direction  is  a 
projection  of  the  free  fall  direction  on  the  surface 
of  the  obstacle.)  The  movement  of  the  sphere 
stops,  obviously,  at  a  point  of  intersection  of  3 
surfaces  (3  spheres.  2  spheres  and  1  plane  and 
etc.)  or  on  a  surface  situated  perpendicular  to  the 
direction  of  the  free  fall  of  the  sphere  (for 
example,  on  the  bottom  of  the  bunker). 

The  constructed  random  close  packing  of  spheres 
represents  the  initial  data  for  the  second  stage  - 
simulation  of  the  evolution  of  the  spheres  during 
sintering.  For  deriving  the  equations  of  movement 
and  dynamics  of  the  sizes  of  the  sintered  spheres, 
the  main  incentive  was  to  satisfy  the  equations  of 
sintering  kinetics  for  each  pair  of  contacted 
spheres  in  the  system.  Initial  powder  body  is 
represented  by  the  random  close  packing  of  N 
spherical  particles:  S//?„r,.v(T  i=J,N;  R,  -  radii  of 
the  spheres,  r,  -  coordinates  of  their  centres,  v,  - 
velocities  of  the  spheres,  located  in  a  bunker 
limited  by  flat  walls. 

It  needs  to  take  into  account  the  interaction  of  the 
contacted  spheres,  resulting  in  sintering,  in  case  of 
contact  presence  or  appearance.  Distance  between 
the  centers  of  contacting  spheres  is  the  following: 


lr«/l  =  I r,  -  17!  <  R,  +  R, 


Equations  of  sintering  kinetics  for  all  pairs  of 
incident  (contacting)  spheres  can  be  written  down 
in  the  following  form: 

v,y  =  tj  =  /(k/lK  A  =  b  Ah ./  ->  /' ,( 1 ) 

(the  last  entry  means,  that  “j  is  incidental  to  i”). 
To  use  clause  ( 1 )  as  a  “tendency”  of  movement 
for  the  spherical  particles  system  let  us  construct 
the  deviation  functional 

0=  X  v//-/(*vK’’  (2) 

i  j  i~>! 

and  add  the  antigradient  O  with  a  weight 
multiplier  //  in  the  right  part  of  the  equations  of 
Newton 


The  conservation  of  weight  means  that  during 
movement  and  sintering  the  volume  V  of  the 
geometrical  union  of  spheres  remains  constant: 


Let  us  balance  the  change  in  volume  V  of  the 
union  of  spheres  connected  with  movements  of 
some  sphere  S,  with  the  change  in  the  radius  R,  of 
this  sphere  [1]: 


8V  .  dv  . 

- — r  + R. 


0, 


(5) 


cJr  '  dRi 

Thus,  we  receive  the  following  equations  of 
dynamics  of  the  radii  of  the  spheres: 

MrA/FI-  (6) 

So  the  resulting  equations  of  movement  (3)  should 
look  as  follows: 


r,  =  v 


/  -/Xfc  -/(|,>|KI4v|)+/1,v!)u!) 


/-» 


v'=~-3llrr='-''E(v-/|r,!k 


R 


»h  m 


,(7) 


/-* 
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where  m,  =  4/3 xpR?,  p  -  density  of  spheres’ 
material,  F,  -  sum  of  the  external  forces,  affecting 
each  sphere,  p  -  weight  multiplier,  actually 
responsible  for  the  degree  of  sintering  affecting 
the  movement  of  the  system  of  spheres, 

|  S',.  |  =  jjr/s'  =  -  -  area  of  the  free  surface  of 


dR, 


the  z'-th  sphere,  —  =  Ef.  =  Jjpr  n ds  can  be 


'■Vi 


dV_  _ 

dr, 

interpreted  as  an  area  of  projecting  the  occupied 
surface  T,  of  the  z'-th  sphere  on  the  plane,  normal 
to  f .  (n  -  solitary  vector  of  nonnal  to  the  surface), 
V-  volume  of  spheres’  union. 


The  third  stage  is  totally  determined  by  movement 
and  sintering  of  the  spheres,  that  is  why  it  is 
necessary  to  continue  integrating  system  of 
equations  (7).  Effects  of  the  nonnal  grains’ 
growth  are  reflected  only  in  equations  for 
dynamics  of  spheres’  sizes,  exactly,  for  spheres 
with  the  surface,  totally  closed  by  the  neighbours 
(not  causing  effect  on  conservation  of  the  mass), 
equations  of  dynamics  of  nonnal  grain  growth  are 
used: 


R-,=y H 

j 


1_ 

R, 


(8) 


1 J 

Hereby,  in  some  moment  of  time  t  the  state  of  a 
physical  system  is  described  by  a  set  of  positions 
and  velocities  of  the  particles  { r/ t),  i=l,N;}. 

Cycle  of  a  time  step  is  recalculating  these  values, 
using  forces  of  interaction  and  movement 
equations  to  obtain  the  state  of  a  system  in  a  later 
moment  of  time  t+dt. 


It  is  necessary  to  specially  bring  attention  to  the 
function y(|rij|),  that  is  determined  as  follows: 


vz/=4i/!V  .4 

B  _  M 

y\>- 

/,  \B!-1  ’  S  L(0) 

ms{l~s)  p ij 

1 

It  is  possible 

to 

get  expression 

(9)  if 

differentiating 

by 

time  the 

known 

phenomenological  fonnula  [2]  describing  kinetics 
of  initial  stage  of  spherical  grains’  sintering 


r(0)-  r 
\y  y 

!/ 


=  Bt 


where  T.. ,  r.  '  -  the  current  and  the  initial 
U  V 

distance  between  the  centres  of  contacting 
particles,  B  and  m  are  the  constants,  determined 
by  the  matter  type,  and  a  mechanism  mass 
transportation.  For  the  mechanism  of  viscous  flow 


m  =  1, 


where  r]  -  viscosity  coefficient,  a  -  surface 
tension  (specific  surface  energy),  X  -  actual  initial 
speed  of  approach  for  the  centres  of  contacting 
spheres. 


Integrating  of  equations  (7)  results  in  a  complete 
description  of  structure  genesis  and  the  spherical 
particles  ensembles  evolution  while  sintering  (pic. 
1). 


Pic.  1.  Stages  of  sintering  of  the  spherical  particles 
packing.  Stage  (t=0)  is  presented  by  view  both  of 
initial  packing  and  its  cross-section. 
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Kurdumov  Institute  of  Metal  Physics  of  Ukrainian  AS,  Kyiv 
(1)Institute  of  Technical  Science  of  Serbian  ASA,  Belgrade 
^  (2)Technical  Centre  of  Ukrainian  AS,  Kyiv 

(3)Francevich  Institute  for  Problem  of  Materials  Science  of  Ukrainian  AS,  Kyiv 


New  paradigm  of  Materials  Science 
appeal  to  the  first  principles  of  quantum 
statistical  physics  [1],  Structure  and  properties 
of  substances  and  materials  from  the  objects  of 
evolution  (geochemistry,  biochemistry)  to 
advanced  technologies  (nanotubes,  fullerens) 
can  be  described  in  terms  of  the  axiomatical 
Shredinger  equation  and  it  solutions  [2], 

The  one-electron  approach  in  this  sence  is  the 
first  succeful  project  of  the  mentioned 
paradigm.  It  conceptual  apparatus  cover  the 
models  of  Bohr  atoms  and  chemical 
interatomic  bond,  insulating,  metallic  and 
semi-conductor  crystals,  impure,  disordered 
and  many  other  types  of  condensed  systems. 
The  development  of  Materials  Science 
depends  upon  the  progress  of  computing 
physics  now,  and  it  is  frequently  reduced  to 
the  mathematical  modeling;  the  databanks 
about  band  structure  and  the  Fermi-sur faces 
catalogues  have  turned  to  the  technologist's 
tool  [3], 

Today  the  conception  of  the  Hartree-Fock 
independent  electrons  has  become  "zero 
approach"  for  more  exact  analysis  of  the 
Shredinger  equation  [4],  This  new  project  is 
intended  to  develop  conceptual  apparatus 
concerned  to  the  description  of  the  correlated 
electrons  systems  including  superconductive 
and  magnetic  materials,  intermediate  valence, 
heavy- fermions,  Kondo-system  [5]. 

By  definition,  the  correlation  interactions 
describe  the  variety  of  the  effects  with 
different  physical  origin  and  are  incorporated 
by  common  property  of  "nonelectron  nature". 
Their  study  was  set  up  by  "the  points  of 
growth"  arising  from  the  critical  needs  of 
technology  and  new  opportunities  of  the 
electron  theory.  Variety  of  investigated 
correlation  effects  requires  systematization, 
classification  of  materials,  which  they  are 


shown  in,  typing  of  "batch  behaviour"  of 
system-complex  of  their  properties  [6]. 

The  most  important  correlation  states  have 
been  submitted  schematically  in  space  of  their 
fundamental  contributions  relatively  to  the 
mean  energy  (per  electron)  E:  1)  kinetic 
energy  (T);  2)  evectron-ion  interaction;  3) 
electron  electron-electron  interaction  (Fig.l). 


Fig.  1 .  The  areas  of  the  various  correlation 
behaviour  of  condensed  system  in  T-V-U- 
space 

It  corresponds  to  the  use  of  basic 
qualitative  criteria  in  plasma-systems  -  degree 
of  compression,  relative  interparticle 
interaction  and  propensity  of  formation  of  the 
localized  states.  The  basic  plane  T-V  will  be 
transformed  to  the  Hartree-Fock  area  by  means 
of  the  screening  effects.  Further  it  is  possible 
to  separate  the  areas  of  weak -binding  electron 
behaviour  (Tv)  from  its  tight-binding 
behaviour  (Vt).  Plane  T-U  corresponds  to  the 
correlation  behaviour  in  free  electron  gas,  and 
area  Tu  represents  the  field  of  applicability  of 
random  phase  approximation  while  UT  area  is 
the  field  of  the  Wigner  crystallization.  In  the 
similar  way  UT  area  is  the  Hubbard  crystall 
with  strong  electron  correlation.  The  most 
interesting  area  T-V-U-body  (inside  the  traced 
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triangle),  sory  to  say,  is  not  yielded  to  a  simple 
quasiparticle  interpretation. 

Generelly,  the  structure  of  the  correlation 
terms  U,  is  complicated,  but  at  T>V  they  may 
be  sorted  in  the  Bloch  representation,  and  their 
most  important  part  is  taken  into  account  in 
approach  of  "correlation  hole".  In  case  of  T<U 
it  is  expedient  to  use  the  Wanier  basis  and  to 
allocate  from  intraatomic  (U)  and  interatomic 


(IT)  parts,  each  of  them,  in  turn,  includes  the 
Coulomb  (K)  and  exchange  (J)  components. 

The  universal  character  of  such  division 
assumes  unity  of  laws  of  the  alternation  of 
phases  in  T-V-U-space,  both  for  different 
materials,  and  for  one  material  at  the  variation 
of  the  external  conditions  (pessure, 
temperature,  electrical  and  magnetic  fields). 


Materials 

(V1  _xCr  )x03,  NiO 
L&2  CdCrjX^ 
TCNQ,  TaS3 

Ce,Nil2 

SffiBg,  CeNijSij 

Metals 

Insulators 


Fig.2.  The  correlation  effects  in  Materials  containing  localized  and  collectivized  electrons 


The  body  of  this  structure  is  represented 
on  Fig.2.  Here  the  most  typical  exemples  of 
changing  phase  materials  states  correspond  to 
principle  types  of  interaction  between 
collectivized  (c-)  and  localized  (d-)  electrons. 
The  effects  of  c-d-interaction  in  transition  and 
rare-earth  materials  with  variable  atom  valece 
have  been  discussed  in  oyher  paper  [7]. 
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MATERIAL  SCIENCE  ASPECTS  OF  PROPERTIES  AND  STRUCTURES 
DEGRADATION  OF  BOILER  ELEMENTS  AFTER  LONG  OPERATION 

Piskalenko  V.V.,  Gromov  V.E.,  Tsellermaer  V.Ya. 

Siberian  State  University  oflndustry,  Novokuznetsk.  Russia 


The  steam  boilers  elements  are  exposed  to  the 
intensive  and  long  operation  in  difficult  conditions 
of  thermal  and  mechanical  loadings.  Therefore  the 
requirements  produced  to  materials  of  which 
details  of  heat  power  installations  are  made,  are 
always  very  high. 

New  express  methods  of  an  estimation  of 
serviceability  of  the  equipment  and  system  of  the 
continuous  control  of  material  condition  arc 
necessary.  Such  problems  can  not  be  solved 
without  deep  understanding  of  physical  and 
chemical  processes  of  metal  characteristics 
change.  In  the  given  situation  the  comparative 
researches  of  structure  and  properties  of  materials 
after  various  long  periods  of  boiler  installations 
work  are  rather  useful. 

in  this  work  the  change  of  mechanical  properties 
and  structures  of  boiler  pipes  from  steel  10 
(0.1 3%C:  0.44%Mn:  0,23%Si;  P:  S  <0,02  %)  after 
50  years  of  operation  at  working  pressure  < 
1.5MPa  and  temperature  <250°C  were 
investigated. 

The  measurement  of  acoustic  w'aves  velocity  by 
autocirculation  pulses  method  was  applied  to  an 
estimation  of  structure  stress-strain  state  of  a 
material. 

As  a  result  of  operation  there  was  a  change  of  all 
basic  mechanical  characteristics.  The  yield  stress 
and  tensile  stress  have  decreased  accordingly  on 
27,5  %  and  16,5  %,  and  specific  elongation  before 
break  and  reduction  of  area  -  have  increased  by 
15.7  %  and  on  9  %. 


Table  1. 


Material 

C3 

P- 

O 

C3 

Oh 

b 

%‘S 

£ 

Velocity  of 
ultrasound, 
m/s 

] 

Steel  1 0  in  a 
condition  of  delivery 

364 

510 

25,4 

56 

2851 ±2 

Steel  1 0  after 
operation  (50  years) 

264 

426 

29.4 

61 

_ 

2865±0,2 

In  an  initial  condition  steel  has  the  ferrite-pearlite 
structure  where  the  pearlite  volume  fraction  does 
not  exceed  15%.  The  boundaries  of  the  ferrite 
grains  are  thin  and  precise.  The  precipitations  of 
carbide  phases  are  absent  both  in  the  body  of 
ferrite  grains,  and  on  the  boundaries.  After  the 
long  operation  the  structure  becomes  very  non- 
uniform.  The  alongside  with  sites  where  it  has 
remained  practically  former,  there  are  the  zones  of 
local  recrystallization  where  the  average  size  of  a 
grain  has  increased  from  17.6  microns  up  to  22,2 
microns.  In  these  zones  there  is  no  the  pearlite 
component.  On  the  other  hand,  the  increased 
content  of  pearlite  is  observed  on  the  edges  of 
such  zones.  Obviously,  the  strong  disorder  of 
microhardncss  from  1430  up  to  1700  MPa  is 
connected  with  these  facts.  Also  it  is  important  to 
note,  that  the  fracture  of  the  samples  took  place  in 
area  of  such  recrystallization  zones. 

The  tw'o  competing  points  of  view  exists 
concerning  the  reasons  of  decrease  of  constructive 
strength  of  metal  of  the  heat  power  equipment. 
According  to  the  first  [1-3]  there  is  an  ageing, 
isolation  of  the  carbide  phase  and  its 
transformation  to  the  complex  one  and,  then,  in 
chromic.  It  also  proves  to  be  true  by  our 
researches  executed  on  steel  12X1  MO  [4], 
However  the  result  of  such  processes  is  the  metal 
embrittlement  and  the  occurrence  of  thermal  crack 
during  long  operation. 

In  steels,  without  carbide  forming  elements  the 
processes  structures  degradation  proceed  in 
another  way  [5],  First,  the  dccarburization  of  steel 
occurs  very  slowly.  Second,  there  is  the  decay  and 
the  redistribution  of  pearlite  component.  The 
rccrystallization  processes  are  definitely  took 
peace  at  last.  All  these  processes  results  in 
decrease  of  strength  characteristics  and  to  growth 
of  plasticity  of  metal.  In  the  present  case  as  a 
result  of  long  operation  there  were  described 
above  phenomena  (growth  of  a  grain,  pearlites 
redistribution  and  the  decrease  of  microhardncss 
due  to  decarburization). 
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Conclusions: 

1.  It  is  established,  that  as  a  result  of  long  (50 
years)  operation  boiler  pipes  (steel  10)  there 
was  a  decrease  of  yield  stress  on  27  %,  tensile 
stress  -  on  16  %  and  increase  specific 
elongation  before  fracture  -  on  15  %. 

2.  These  changes  of  mechanical  characteristics 
were  consequence  of  steel  structures 
degradation  due  to  redistribution  and  partial 
decay  of  pearlite  component,  growth  of  ferrite 
grains  in  separate  zones  and,  apparently,  in 
decarburization. 

3.  Processes  of  degradation  of  mechanical 
properties  and  structure  of  a  material  were 
accompanied  by  regular  changes  of  velocity 
of  distribution  of  ultrasonic  waves  that  opens 
prospect  of  use  of  an  acoustic  method  for 
diagnosing  of  the  heat  power  equipment  state. 
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KINETICS  OF  DIAMOND  SPONTANEOUS  CRYSTALLIZATION 

-  Turkevich  V.Z. 

Institute  for  Superhard  Materials  of  the  Ukrainian  National  Academy  of  Sciences,  Kiev,  Ukraine 


Synthetic  diamond  powders  are  produced  at 
high  pressures  and  temperatures  by  crystallization 
from  a  carbon  solution  in  melts  of  carbon-metal 
solvents  multicomponent  systems.  The  kinetic 
regularities  of  diamond  spontaneous  crystallization 
define  the  quantity  of  nuclei,  the  rate  of  their 
growth,  the  presence  of  defects  and  inclusions  of 
the  growth  medium  in  crystals,  and,  hence,  their 
strength  and  thermostability.  Away  from  the 
graphite-diamond  equilibrium  line  deep  in  the 
diamond  thermodynamic  stability  region,  a  great 
quantity  of  low-strength  crystals  wdth  a 
considerable  concentration  of  inclusions  can  be 
produced  at  a  high  rate  and  in  a  short  time  [1,  2], 
Close  to  the  equilibrium  line,  a  lesser  amount  of 
high-strength  crystals  with  a  small  number  of 
defects  nucleates  and  grows,  and  the  time  of 
crystallization  is  tw^o  orders  of  magnitude 
increased  [3].  Of  great  importance  is  also  the  type 
of  a  metal  solvent  as  the  key  quantities,  which 
define  the  kinetics  of  crystallization,  like  the  melt- 
crystal  interfacial  energy  and  the  coefficient  of 
carbon  diffusion  in  the  melt  vary  as  a  function  of 
it.  A  rate  of  diamond  spontaneous  crystallization  is 
observed  to  decrease  in  the  following  series  of 
systems:  Ni-Mn-C,  Fe-Ni-C,  Fe-Al-C,  Cu-Mn- 
C,  the  p,T-parameters  being  approximately  the 
same  [4,  5], 

The  diamond  spontaneous  crystallization  from 
melt  solution  of  the  Mn-Ni-C  and  Fc-Ni-C 
systems  starts  at  high  pressures  immediately  after 
melting  of  the  Solid  solution  +  Carbide  +  Graphite 
ternary  eutectic.  The  diamond  crystallization  from 
the  melt  solution  of  the  Mn-Ni-C  and  Fe-Ni-C 
systems  is  limited  by  thermally  activated  diffusion. 
For  this  reason,  a  rise  in  temperature  considerably 
speeds  up  crystallization.  The  activation  energy  of 
the  diamond  crystallization  in  the  above  systems  is 
evaluated  to  be  150±70  kJ-mor1  [6]. 

For  the  diamond  crystallization  in  the  Fe-Co-C 
and  Fe-Al-C  system,  the  overheating  by  1 00  — 
150  K  above  the  temperature  of  ternary  eutectic  is 
needed  [7,  8],  Due  to  relatively  low  rates  of 
diamond  crystal  growth,  the  Fe-Al-C  system  is 
used  only  to  grow  large  diamond  crystals  by  the 
temperature  gradient  method.  For  the  efficient 
diamond  spontaneous  crystallization  from  the  melt 
of  this  system,  p,T-  parameters,  which  are  deep  in 
the  diamond  stability  region,  are  required.  This, 


however,  presents  no  technical  problems  for  a 
toroid-type  high-pressure  apparatus.  The  results 
obtained  at  6.5  GPa  and  the  temperatures  of  1 720, 
1820  and  1920  K  using  a  cubic  anvil  type  high 
pressure  apparatus  at  the  SPring-8  are  shown  in 
Fig.  1  as  the  degree  of  the  graphite-to-diamond 
conversion  (a)  vs.  time  [8], 


Fig.  1.  Degree  of  graphite-to-diamond  conversion 
versus  temperature  plot  for  the  diamond  crystallization 
from  the  Fe-Al-C  melt  at  6.5  GPa  and  temperatures 
1720,  1820,  1920  K.  Solid  lines  are  calculated  kinetic 
curves. 

To  process  the  kinetic  data,  w'e  have  used  the 
Avrami  relation  [9]: 

-  ln(l  -  a)  -  k  ■  tr 

The  Avrami  relation  best  describes 
experimental  data  at  the  following  values  of  the 
equation  order:  r  -  1.08  (1720  K),  r  =  1.277 
( 1 820  K),  r  =  3.709  ( 1 920  K).  The  r  =  1.08  and  r  = 
1.277  values  indicate  that  diamond  crystallization 
in  the  Fe-  Al-C  system  is  characterized  by  an 
instantaneous  nuclcation  and  is  controlled  by  the 
carbon  diffusion  to  the  surface  of  a  growing 
diamond  crystal.  The  value  r  =  3.709  at  1920  K 
indicates  that  we  are  dealing  here  with  the  process, 
which  is  characterized  by  nucleation  proceeding  at 
a  constant  rate  and  controlled  by  the  processes  on 
the  surface  of  a  growing  crystal.  It  is  obvious  that  a 
temperature  of  1920  K  is  sufficiently  high  both  for 
the  new  nuclei  to  fonn  in  the  course  of 
crystallization  and  kinetic  difficulties  due  to  the 
carbon  diffusion  via  melt  to  be  overcome. 
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Energy,  KeV 

Fig.  2.  Diffraction  patterns  of  the  Cu-Mg-C  system  taken  at  6.5  GPa  and  1370  K 


The  observed  change  of  the  crystallization 
mechanism  in  the  range  from  1820  to  1920  K 
renders  calculation  of  the  activation  energy  from 
the  available  data  impossible.  The  common 
tendency  for  a  decrease  in  the  crystallization  rate 
with  increasing  temperature  (Fig.  1)  is  explained 
by  the  decrease  (with  temperature)  in  the  ultimate 
solubilities  of  graphite  and  diamond  in  the  melt, 
which  is  a  thermodynamic  impetus  to  the  graphite- 
to-diamond  recrystallization. 

When  employing  copper,  zinc  or  germanium  as 
a  solvent  for  carbon,  the  liquid  phase  appears  in 
these  systems  at  temperatures  that  do  not  exceed 
1300  K  and  the  parameters  of  diamond  production 
are  6  GPa  and  1870  K  [10].  The  authors  [10] 
attribute  this  fact  to  the  insufficient  solubility  of 
graphite  in  the  melt  at  low  temperatures.  With  an 
increase  in  temperature,  the  carbon  solubility 
increases  and  creates  conditions  for  graphite  to 
recrystallize  into  diamond  via  the  liquid  phase.  To 
this  type  of  unconventional  solvents  must  be  added 
alloys  of  magnesium  with  zinc  and  copper,  which 
offer  diamond  production  at  6  GPa  and  1820  K  [5]. 

Diamond  crystallization  in  the  Mg-C  system  is 
observed  at  7.7  GPa  and  2100  K,  while  the  liquid 
phase  appears  at  1150  K  [11].  However,  up  to 
2100  K  the  melt  is  in  equilibrium  with  MgC2 
carbide  and  only  after  melting  of  the  carbide,  a 
stable  diamond  liquidus  is  observed.  There  have 
been  reasons  to  believe  that  a  similar  situation  is 
true  for  the  Cu-Mg-C  and  Zn-Mg-C  systems,  i.e. 
that  the  equilibrium  with  a  melt  of  any  crystalline 
phase  retards  the  crystallization  of  diamond. 
However,  in  situ  studies  by  x-ray  diffraction  with 
synchrotron  radiation  using  a  cubic  anvil  type  high 


pressure  apparatus  at  the  SPring-8  have  shown  that 
even  at  1200  K  (6.5  GPa)  the  melt  is  in  equilibrium 
with  graphite  (Fig.  2).  No  lines  of  other  crystalline 
phases  have  been  recorded.  Thus,  at  6.5  GPa  the 
absence  of  the  diamond  crystallization  below 
1800  K  in  the  Cu-Mg-C  and  Zn-Mg-C  systems  is 
due  to  the  necessity  of  overcoming  kinetic 
difficulties  (a  low  rate  of  nucleation,  insufficient 
solubility). 
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PHASE  COMPOSITION  OF  THE  PRODUCTS  OF  INTERACTION 
BETWEEN  EUROPIUM  (III)  FLUORIDE  AND  CERIUM  (III)  FLUORIDE 

Zjnchenko  V.F.,  Efryushina  N.P.,  Markiv  V.Ya.(1),  Eryomin  O.G.,  Bilyavina  N.M.(1), 

Mozkova  O.V.(2) 

A.V.  Bogatsky  Physico-Chemical  Institute  of  NASU,  Odcsa,  Ukraine 
'Taras  Shevchenko  Kyiv  National  University,  Kyiv,  Ukraine 
<2)CDO  "Arsenal",  Kyiv,  Ukraine 


Phase  composition  and  structure  of  the  phases 
produced  in  the  system  EuF--CeF3  at  equimolar 
ratio  FuF3:  CeF3  and  various  temperatures  have 
been  studied.  Initial  compounds  were  synthesized 
from  the  oxides  Eu203  and  C'eO,  by  their 
dissolving  in  the  hydrochloric  acid  (in  the  last  case 
in  the  presence  of  il202  as  reduct  or)  and 
subsequent  precipitation  of  fluorides  using 
hydrofluoric  acid. 

Obtained  in  such  manner  fluorides  were  melted  in 
inert  (argon)  atmospheres  in  graphite  crucible. 
Another  portion  of  Fulh  was  sintered  as  a  pellet  at 
1000°C  in  the  vitreous  carbon  crucible. 

For  studying  interaction  the  samples  of  initial 
compounds  were  stirred,  mixed  and  pressed  as 
pellets  of  20-mm  diameter  and  15-mm  thickness. 
Fhe  pellets  were  inserted  into  vitreous  carbon 
crucible  and  sintered  consequently  at  700,  800, 
900,  1000  and  I100°C  in  inert  (helium) 
atmosphere.  One  of  the  initial  samples  was 
quenched  at  1 100°C  in  vacuum  ~  KT1  Pa.  Another 
pellet  was  evaporated  in  the  vacuum  supply 
VU-1A  to  form  thin  film  coat  on  the  K  8  optical 
glass  substrate. 

The  obtained  materials  as  well  as  deposited  coat 
and  refuse  after  evaporation  by  X-ray  phase  and 
structure  analysis  using  automated  DRON-3 
diffractometer.  X-ray  data  of  the  products  of 
interaction  in  the  system  EuF3-CeFj  show 
significant  change  of  the  phase  composition  in 
comparison  with  the  initial  components.  Such 
changes  are  especially  expressive  in  a  case  of  the 
samples,  which  were  undergone  vacuum  treatment; 
thus  the  refuse  after  evaporation  is  absolutely 
avoided  from  CeF3  and  contain  mainly  the  phase 
EulVx  (Table). 

The  presence  of  Eu(Ii)  -  based  phases  has  been 
proved  by  the  diffusion  reflectance  spectroscopy. 
Spectral  characteristics  of  the  quenched  samples 
contain  a  wide  absorption  band  in  UV  and,  partly, 


in  the  visible  interval  of  wavelengths.  Appearance 
of  this  band  is  the  result  of  the  presence  of  Eu  in 
the  different  valence  states.  In  addition  to  this,  the 
spectral  characteristics  show  ready  weakening  up 
to  entire  vanishing  of  the  bands  of  4f-5d-electron 
transition  of  the  Ce(ITI)  ions  in  the  UV  interval  as 
well  as  of  a  narrow  peak  of  4f-4f  transition  for  the 
Eu(III)  ion  at  ~  395  nm. 

All  these  data  prove  the  deep  chemical 
transformations,  which  take  place  in  the  studied 
system.  The  mechanism  of  chemical  interaction 
between  Eu(III)  and  Ce(III)  fluorides  was 
proposed.  An  oxidation-reduction  reaction  between 
the  components  occurs  at  high  temperatures: 

EuF3  +  CcFj  >  EuF2  +  CeF4 

The  motive  force  of  this  reaction  is  stabilization  of 
the  valence  states  Eu(III)  and  Cc(IV)  due  to  the 
donor-acceptor  interaction  between  compounds: 

EuF2  +  EuF;,  — >  F.u3F7, 
and 

EuF2  +  CeF4  — >  EuCeF„ 

The  above-described  mechanism  clarifies  the  fact 
of  the  significant  decreasing  of  the  Cc-phase 
content  with  increasing  temperature  and  under  the 
vacuum.  The  matter  of  fact  that  CeF.,  is  a  rather 
volatile  compound  and  it  intensively  evaporates  at 
relatively  high  temperatures  and  essentially  under 
the  vacuum.  At  the  same  time  the  coat  consists 
mainly  of  p--Fuf:~.  and.  partly,  of  EuF:.x  ,  i.e.  the 
phase  ratio  is  reverse  to  that  for  the  refuse  after 
evaporation. 

It  worth  mentioning  that  the  coat  reveals  rather 
high  optical  and  operational  characteristics.  Optical 
thickness  of  the  coat  was  of  1 .8  pm.  Computer 
modeling  showed  surprisingly  an  increasing  of  the 
refractive  index  (//)  from  1.56  to  1.61  with  the 
increasing  of  the  thickness  of  the  film,  the  average 
value  of  n  being  about  1.59. 
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Scattering  coefficient  of  the  coat  reaches  0.074-0.1 
%  at  the  wavelength  0.63  jam. 

Table  -  Effect  of  thermal  and  vacuum  treatment  on 
the  phase  composition  and  structural 
parameters  of  phases  in  the  system 
EuF3-CeF3  (50  mol.  %) 


r 

# 

Character  of 
treatment 

Phase 

composition  and 
parameters  of  crystal 
lattices,  A 

1 

2 

3 

1 

700°C 

60%  a~EuF3; 
a=6.6204;<?=7.0155; 
6=4.3905 

40%  CeF3; 
«=7.1235;c=7.2722 

traces  of  (3-EuF3; 
o=6.9846;c=7.1 159 

2 

700°C  (EuF3 
melted) 

46%  CeF3; 
o=7.1321;e=7.2661 

33%  a-EuF3; 
o=6.6204;e=7.0238; 
c=4.4101 

21%  p-EuF3; 
<7=7.0347;  c= 7.2231 

3 

800°C 

51%  a-EuF3; 
a=6.6392;  6=7.0317; 
c=4.3942 

36%  CeF3;  a=7.1252; 
c=7.2603 

13%  p-EuF3; 
o=6. 9373;  c=7.2719 

4 

900°C 

47%  CeF3;  o=7.1296; 
o= 7.2855 

45%  a-EuF3; 
<7=6.6406;  e=7.0381; 
c=4.4031 

7%  EuF2+x  (p-cub.), 
x~0.39;  a=5.7638 

1 

2 

3 

5 

1000°C 

43%  a-EuF3; 
a— 6.6803;  6=7.0762; 
c=4.4014 

42%  CeF3;  67=7.1 180; 
6=7.2770 

15%  EuF2.x  (p-cub.), 
x-0.37;  o=5.7810 

traces  of  P~EuF3; 
o=7.0196;  6=7.2329 

6 

1100°C 

37%  p-EuF3; 
0=7.0385;  c=7.1793 

33%  EuF2^x(a-cub.), 
x~0.10;  o=5.8285 

30%  CeF3;  o=7.1668; 
6=7.2970 

7 

1100°C, 

vacuum 

44%  EuF2+x 
(tetragonal),  x~0.35; 
o=3.9675;  6=5.6787 

36%  p-EuF3; 
o=7.0043;  6=7.2820 

20%  CeF3;  o=7.1068; 
6=7.2820 

8 

Refuse  after 
evaporation 

89%  EuF2+x(a-cub.), 
x~0.09;  o=5.8230 

11%  p-EuF3; 
0=7.0159;  c=7.1701 

9 

Coat 

78%  p-EuF3; 
a=7.0349;  6=7.1142 

22%  EuF2.x  (p-cub.), 
x~0.39;  o=5.7642 

The  coat  showed  a  high  mechanical  durability 
(about  18000  cycles  without  damage). 


This  work  has  been  supported  by  Science  and 
Technology  Center  in  Ukraine  (STCU),  project 
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PROBLEMS  AND  PERSPECTIVES  OF  THE  STUDIES  OF  DEFECT 
FORMATION  IN  SEMICONDUCTING  SILICON 

Talanin  V.I..  Talanin  I.E.,  Levinson  D.I.(1) 

Zaporozhye  State  Engineering  Academy,  Zaporozhye,  Ukraine 
(1  Zaporozhye  Institute  of  State  and  Municipal  Government,  Zaporozhye,  Ukraine 


The  technological  level  of  deriving  of 
semiconducting  materials  largely  determines  the 
development  of  modem  electronic  engineering. 
The  dominating  tendency  of  development  is  the 
complication  and  miniaturization  of 
semiconducting  devices.  With  every  new 
generation  of  semiconductor  devices,  the 
complexity  and  functionality  of  the  devices 
increases  and,  hence,  more  transistors  per  chip  are 
to  be  integrated. 

The  semiconducting  silicon  is  main  material  in 
such  major  areas  of  electronic  industry  as  a 
microelectronics  and  nanoelectronics,  force 
semiconducting  electronics,  functional  electronics, 
optical  electronics,  photoelectronics,  measuring 
engineering  etc.  During  production  of  silicon 
monocrystals  it  is  necessary  to  solve  the  problem 
of  their  structural  perfection.  Therefore  the  control 
about  the  defect  formation  processes  and  grown  of 
silicon  with  a  specific  defective  structure  is  one 
from  major  problems  of  modem  materials 
sciences. 

Now  grown  the  high  purity  silicon  monocrystals  at 
a  simultaneous  increasing  of  their  diameters  in 
which  such  structural  defects  as  dislocations  are 
not  present  (i.e.  "dislocation-free"  monocrystals). 
In  that  case  the  object  of  study  is  a 
thermodmamically  stipulated  defects  of  other 
nature.  These  defects  are  named  as  "microdefects". 

Structural  microdefects  formed  during  cooling  of 
crystals  after  their  growth  which  may  include 
agglomerates  of  point  defects  (vacancies  or  silicon 
self-interstitials)  and  impurities.  These  structural 
defects  can  detrimentally  affect  reliability  of 
semiconducting  devices  and  their  performance. 
Their  sizes  is  0.003... 50  pm.  Since  only  high 
purity  silicon  can  be  used  in  modem  electronic 
industry  knowledge  of  processes  of  formation  of 
defects  in  a  semiconducting  material  is  necessary. 

According  to  a  modem  classification  the  A-,  B-, 
D-microdefects  and  also  area  with  simultaneous 
present  so-called  I  (interstitial)  and  V  (vacancy)  of 
defects  are  exist  [1], 


Various  theoretical  models  were  suggested  to 
explain  the  regularities  of  formation  of 
microdefects  in  silicon.  Main  problems  were  the 
assumptions  about  the  dominant  type  of  point 
defects  in  crystal,  their  concentration,  and 
interaction  among  themselves.  In  some  models  it 
was  assumed,  that  the  dominating  type  of  point 
defects  in  crystal  are  interstitial  atoms  of  silicon.  In 
other  models  it  was  supposed,  that  the  dominating 
type  of  defects  are  the  vacancies.  In  contrast,  were 
suggested  simultaneous  independent  coexistence  of 
both  main  types  of  point  defects  at  high 
temperatures. 

The  sense  of  commonly  accepted  Voronkov  model 
[2,  3]  consists  of  the  following:  a)  existence  of 
recombination  between  self-interstitials  and 
vacancies  for  temperatures  close  to  temperature  of 
smelting;  b)  was  supposed  that  only  vacancy 
nature  for  primary  grown-in  microdefects;  c) 
independent  existence  areas  with  only  interstitial 
and  only  vacancy  microdefects. 

None  of  these  models  could  explain  experimental 
results,  which  were  obtained  later  such  as  Refs.  [1, 
4-12],  On  base  of  this  results  the  Voronkov  model 
requires  a  following  clarifications: 

a)  The  recombination  between  vacancies  and 
self-interstitials  for  temperatures  close  to 
temperature  of  smelting  is  very  hampered. 

b)  Primary  grown-in  microdefects  are  vacancy 
and  interstitial  defects. 

c)  In  the  "vacancy  area"  of  the  crystals  which 
grown  in  "vacancy"  regime  of  growth  contains 
simultaneously  interstitial  and  vacancy  defects  in 
identical  concentration. 

Thus,  on  base  of  numerous  experimental  results  we 
offer  the  physical  model  of  microdefects  formation 
and  transformation  in  semiconducting  silicon  [1, 
12].  This  model  is  based  on  such  positions: 

a)  Approximate  equality  of  concentration  of 
vacancies  and  silicon  self-interstitials  at  the 
crystallization  front  near  to  smelting  temperature. 

b)  The  recombination  process  of  intrinsic  point 
defects  at  a  high  temperatures  is  hampered. 
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c)  The  impurities  of  oxygen  and  carbon  are 
centres  of  microdefects  nucleation  and  take  the 
part  in  process  of  further  growth  and 
transformation  of  microdefects. 

d)  Disintegration  of  oversaturated  solid  solution 
of  intrinsic  point  defects  on  two  independent 
mechanisms:  vacancy  and  interstitial. 

The  our  model  is  shown  in  a  Fig.  1.  The  offered 
model  of  nucleation,  growth  and  transformation  pf 
microdefects  can  be  used  for  the  both  of  crystal 
growth  methods:  floating-zone  method  and 
Czochral ski-grown  method.  Thus,  irrespective  of  a 
method  of  growth  of  dislocation-free  silicon 
monocrystals  at  the  their  cooling  from  the 
crystallization  temperature  the  nucleation  of 
vacancy  and  interstitial  microdefects  are  happens 
which  will  be  transformed  in  interstitial  D- 
microdefects.  The  further  transformation  of 
interstitial  microdefects  is  happens  according  to 
following  scheme:  D-microdefects  — > 

B-microdefects  — »  A-microdefects. 

V  (vacancy)  -  defects 


Fig.  1.  The  scheme  of  formation  and  transformation 
of  microdefects  in  FZ-silicon 
(the  crystal  diameter  is  30  mm) 

The  identity  of  processes  of  microdefects 
formation  in  both  types  of  crystals  which  grown 
with  a  various  diameters  is  confirmed  by  our 
results.  Principal  tendencies  in  Czochralski  and 
floating-zone  methods  must  be  considered  in 
reference  to  the  goal  of  obtaining  dislocation-free 
monocrystals  with  large  diameters  and  controlled 
content  of  microdefects.  Significant  attention  must 
be  paid  to  the  nature  of  grown-in  microdefects  in 
dislocation-free  monocrystals  and  the  role  of 
intrinsic  point  defects  in  their  formation.  The 
defect  structure  in  large-scale  silicon  monocrystals 
is  not  subjected  to  essential  modifications  [13]. 
Thus,  offered  model  [1,  12]  with  allowance  for 
difference  of  the  growth  conditions  is  applicable 


for  monocrystals  of  any  diameters  which  have 
been  grown  by  both  methods,  float-zone  and 
Czochralski. 

Thus,  the  success  in  growth  of  high  purity 
monocrystals  and  creation  of  silicon  devices 
considerably  depends  on  possibilities  of 
monitoring  of  the  conduct  of  intrinsic  point 
defects. 
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PHYSICOCHEMICAL  FUNDAMENTALS  OF  CREATING 
MATERIALS  WITH  ELEMENTS 
OF  SELF-ORGANIZATION 


V.V.Skorokhod,  V.P.SoIntscv,  T.A.SoIntseva 

Institute  for  Problems  of  Materials  Science  of  NASU,  Kyiv,  UKRAINE 


A  possibility  of  creation  of  a  new  generation 
of  materials  which  are  capable  under  operating 
conditions  to  exhibit  functions,  similar  to  living 
organisms,  is  recently  spoken  about  at  rather 
representative  scientific  conferences  and 
symposiums.  The  problem  of  creating  such 
materials  arose  as  a  result  of  appearance  and 
progressing  the  ideas  of  thermodynamics  of 
irreversible  processes,  as  establishing  conceptual 
approach  that  covered  all  natural  sciences  as  a 
whole  at  the  end  of  the  twentieth  century.  Originally 
having  arisen  from  a  problem  of  reconciling  two 
diametrically  opposite  aspects  of  evolution,  in 
classic  thermodynamics  (the  Carnot  -Clausius 
principle)  as  the  continuous  law  of  disorganization 
and  breaking  down  the  initially  created  structure, 
and  in  biology  and  sociolog}'  objective 
complicating  entities,  formation  of  structure,  the 
thermodynamics  of  irreversible  processes  allowed 
to  find  out.  that  the  given  ways  correspond  to 
different  edges  of  physical  reality.  Thus  the  basic 
idea  of  a  non-equilibrium  thermodynamics  became 
the  concept  of  arising  structures  as  consequence  of 
originating  self-organizing  processes  far  from 
equilibrium  state  in  open  systems.  The  tendency  to 
self-organizing  is  a  peculiar  property  of  open 
systems,  and  the  non-equilibrium  is  a  source  of 
ordering  and  appearance  of  dissipative  structures. 
The  originating  of  dissipative  structures  does  not 
suppose  existence  of  the  shape,  self-isolating  the 
object  from  an  exterior  world  and  scooping  from  it 
a  building  material  and  energy,  that  is  peculiar  to 
the  vegetative  and  fauna  world.  However, 
supervising  originating  of  temporary  or  time-space 
structure  during  auto-oscillating  reactions  in 
homogeneous  media,  where  the  shape  is  an  inert 
bulb,  some  relevant  properties  of  living  systems,  as 
for  example  self-reproduction  are  discovered, 
namely  capacity  of  one  of  matters  to  be  multiplied 
at  the  expense  of  raw  materials.  This  functional 
property  is  determined  by  existence  of  autocatalytic 
stage  at  weep  of  set  of  so-called  competitive  or 
conjugated  reactions. 

In  modern  natural  sciences  it  is  supposed,  that 
the  set  of  the  elementary  shapes  and  functions  of  a 
substance  is  limited,  while  the  new  shapes  and 


functions  occur  only  as  a  result  of  a  combination 
and  superposition  of  the  elementary  ones.  Really, 
the  originating  mechanism  of  concentration  auto¬ 
oscillations  in  homogeneous  reactionary  medium 
demonstrates  how'  during  several  reactions,  the 
kinetics  of  ever}'  one  is  described  by  the  exponential 
laws,  owing  to  a  superposition  the  system  as  a 
whole  acquires  non-monotonous  character  of 
kinetic  behavior,  there  is  a  temporary  "chemical 
clock."  The  relevant  property  of  such  systems  is  the 
conservation  of  an  excitability.  Physicochemical 
medium,  in  which  auto-oscillating  reaction  takes 
place  permanently  erethitic  in  relation  to  exterior 
material  flow,  i.e.  in  conditions  of  interchanging 
with  an  exterior  world  it  recreates  the  capacity'  to 
stimulation.  Such  mechanism  of  self-organization  in 
the  majority  familiar  physicochemical  systems  is 
molecular,  appropriate  to  homogeneous  media, 
liquid  or  gas,  and  is  referred  to  single-leveled, 
suspected  originating  of  the  structure,  and  not 
isolated  object  having  a  stable  form.  Only  ,when  the 
dynamic  system  acquires  a  stable  form  enclosing 
and  self-isolating  area  of  space,  where  the  internal 
processes  ensure  its  conservation,  progressing  and 
ordered  interchanging  with  an  exterior  world  within 
the  framework  of  the  conditions,  imposed  to  them, 
it  becomes  the  material  object,  in  some  sense 
functionally  similar  to  one  of  a  living  matter. 
Speaking  about  a  system,  its  sizes  and  behavior  as  a 
unit,  the  founder  of  modem  thermodynamics  of 
irreversible  processes  I.Prigogine  in  one  way  or 
another  set  a  central  problem  of  the  shape  stability." 
For  originating  dissipative  structure  usually  it  is 
required,  that  the  size  of  a  system  should  exceed 
some  extreme  value-  a  composite  function  of 
arguments.  We  can  argue,  that  the  chemical 
instabilities  set  the  long-distance  order,  by  means  of 
which  one  the  system  operates  as  a  unit  " 

Thus,  the  appearance  of  the  shape  is  related  to 
interaction  inside  a  non-equilibrium 
physicochemical  system,  however  extra  level, 
above-molecular,  supplying  self-isolation  of 
dynamic  object  from  a  kinetic  and  diffusion 
dispersal  into  an  environment.  The  conservation  of 
the  shape  is  impossible  w'ithout  leap  of  kinetic 
parameters  of  a  system  on  an  interface  with  an 
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environment  and  the  phase  transition  is  necessary. 
From  the  above  reasoning  creating  materials  with 
elements  of  self-organization  is  possible 
altemativlessly  by  selecting  only  powder 
heterogeneous  non-equilibrium  physicochemical 
systems,  which  may  be  associated  with  known 
artificial  techniques  into  the  shape,  and  the  internal 
processes  will  induce  phase  transitions,  localizing 
the  area  course  of  chemical  reactions  in  kinetic  zone 
and  saving  it  and  the  object  as  a  unit. 

The  practical  realization  of  presented 
principles  is  obtained  at  sintering  non-equilibrium 
powder  compositions  based  on  transition  metals  of 
1Y  and  V/\  groups  of  the  Periodic  system.  As  a 
source  of  thermodynamic  instability 
dichalcogenides  of  transition  metals  of  IY,  V  and 
YIA  groups. were  inputted  into  composition.  The 
supply  of  thermodynamic  instability  may  be  any 
compound  formed  by  transition  metal  with 
metalloid,  giving  diatomic  gas  in  an  individual  state. 
As  it  is  known,  at  decomposing  of  such  compounds 
the  liberating  gas  interacts  with  an  active 
environment  -  a  metallic  matrix,  in  which  the 
unstable  compound  is  present.  Thus  topochemical 
reaction  of  diatomic  gas  with  transition  metal  has 
autocatalytic  stage  resulting  in  chemical  instability. 
The  auto-oscillating  reaction  in  distributed 
environment  generates  concentration  and 
temperature  waves.  As  powder  medium  is  discrete, 


the  interaction  of  concentration  and  temperature 
waves  from  various  sources  induces  phase 
transitions  scaling  the  reactionary  area.  The  induced 
phase  transitions  as  a  result  of  a  cascade  of 
instabilities,  become  the  next  ones  in  their  hierarchy 
and  close  them  into  a  cycle,  immediately  holding  a 
source  of  instability.  That  is,  in  non-equilibrium 
physicochemical  heterogeneous  medium  the  closed 
triad  of  instabilities  generates  the  dynamic  nature  of 
stability,  in  some  kind  like  a  living  matter 
representatives. 

The  compositions  with  dynamic  nature  of 
stability  in  conditions  of  affecting  of  mechanical 
energy,  for  example,  at  its  transformation  into  heat, 
at  dry  friction  as  well  as  at  sintering  show  non¬ 
linear  adaptation  mechanisms  that  results  in  fall-off 
of  a  wear  intensity.  The  systems  are  now  found  and 
the  materials  on  their  base  developed,  where 
physicochemical  mechanisms  resulting  in  processes 
of  self-organization  and  self-healing  of  structural 
defects  are  present  at  rather  low  temperatures  of 
about  473K.  The  effects  of  self-organization  are 
also  found  in  heterogeneous  systems  with  oxygen, 
nitrogen  and  in  other  physicochemical  systems,  that 
will  allow  in  the  nearest  future  to  develop  materials 
of  a  new  generation  with  a  broad  spectrum  of 
functional  properties. 
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SELF-ORGANIZED  CRITICALITY  IN  FRACTURE  PROCESS  OF 

MATERIALS 


Hiiarov  V.L. 

A.F.  Ioffe  Physical  Technical  Institute  of  RAS,  St.  Petersburg,  Russia 


It  is  well  known  since  the  pioneer  works  of  Bak, 
Tang  and  Wiesenfeld  [1,2]  that  nonequilibrium 
systems  with  many  degrees  of  freedom  may 
organize  themselves  into  a  critical  state  when 
they  are  driven  far  from  thermal  equilibrium. 
Solid  states  under  mechanical  stress  can  be 
considered  as  such  nonequilibrium  systems, 
trying  to  relax  mechanical  stresses  by  means  of 
their  defect  structure  evolution. 


It  is  also  well  known  that  fracture  surfaces  of 
materials  have  clearly  pronounced  fractal 
character.  During  last  decade  a  huge  amount  of 
investigations  were  carried  out  in  order  to 
measure  fractal  dimension  of  fracture  surfaces  for 
a  wide  spectrum  of  materials  demonstrating  both 
brittle  and  ductile  fracture  (metals,  alloys, 
ceramics,  glasses  and  rock  species)  [3],  This  scale 
invariant  state  of  fracture  surfaces  allows 
assuming  that  these  surfaces  appear  as  a  result  of 
some  universal  fracture  mechanism  and  that  this 
mechanism  is  related  with  self-organized 
criticality. 


In  order  to  check  this  hypothesis  we  investigated 
both  space  and  time  correlation  properties  of 
crack  generation  process  in  materials  (steel 
industrial  construction  and  granite  laboratory 
samples)  under  mechanical  loading.  Initial 
experimental  data  contains  acoustic  emission 
information  (times,  amplitudes  and  sometimes 
coordinates  of  generated  cracks)  received  by 
piezoelectric  receivers  on  the  sample  surface. 
From  this  data  one  can  construct  different  space 
and  time  correlators.  We  chose  Grassberger- 
Procaccia  correlation  function  as  the  space 
correlator: 


C(r) 


_  _  2 _ 

A'X'V  - 1) 


A'  A' 
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Here  H  is  a  Heaviside  function,  ry  are  distances 
between  cracks,  N  is  a  number  of  cracks.  Thus 
C(r)  is  simply  the  number  of  pairs  of  points  of  the 
statistical  set  separated  by  a  distance  less  than  r. 
The  calculated  correlator  (1)  displays  well 
pronounced  power  behavior  as  function  of  r  with 


the  exponent  index  close  to  fractal  dimension  of 
fracture  surface  on  the  late  stage  of  fracture 
process.  On  the  earlier  stages  of  the  fracture 
process  this  index  approximately  coincides  with 
the  dimension  of  3d  Euclidean  space  (fig.  1).  The 
data  ends  when  the  fracture  of  the  sample 


occures. 
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fig.  1  Time  dependence  of  correlation  fractal 
dimension 


Thus  we  see  that  the  process  of  crack  generation 
shows  a  clear  tendency  to  evolve  towards  a  space 
scale  invariant  state. 

As  the  main  time  characteristic  of  the  process  one 
can  choose  the  time  dependence  of  acoustic  signal 
amplitudes.  Then  the  time  autocorrelation 
function  may  be  constructed  and  power  spectral 
density  of  the  process  calculated,  in  the  form  of: 

cc 

S(co)~  | K(r)exp(io)T)dT  (2) 

—  CO 

Here  x  is  the  stochastic  variable  (acoustic 
amplitude),  K(i \,l2)=K(t j-t2)  the  time  correlator, 
depending  on  the  time  difference  for  the 
stationary  process,  S(to)  power  spectral  density. 
However,  this  procedure  leads  to  significant  data 
scattering  in  the  S(co)  dependence.  To  avoid  this, 
one  can  use  wavelet  analysis  to  construct  the 
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scalogram  corresponding  to  S(co)  smoothed  on 
each  scale  by  the  spectrum  of  analyzing  wavelet 
(“sombrero”  wavelet  was  used).  Such  scalogram, 
obtained  for  the  time  14000  in  fig.l  shows  clearly 
pronounced  1/f  noise  feature  for  the  large  scale 
(low  frequency)  region  in  logarithmic  coordinates 
(fig-2). 


The  same  scalogram  calculated  in  the  beginning 
of  the  fracture  process  also  shows  the  low 
frequency  scale  invariant  feature,  but  the  slope  is 
about  2.  This  slope  reflects  the  power  spectrum  of 
the  step  function,  caused  by  each  acoustic  event. 


So  the  time  correlation  features  also  change 
significantly  on  last  stage  of  the  crack  generation 
process  from  individual  to  collective  behavior. 

Thus  both  the  space  and  time  correlation  features 
show  well  pronounced  scale  invariant  features  on 
the  final  stage  of  fracture  process.  It  allows  to 
assume,  that  during  the  fracture  process  the 
evolution  of  the  defect  structure  occurs  in  such  a 
way  that  that  higher  and  higher  scale  levels  are 
involved.  On  the  final  stage  the  material  looses 
the  possibilities  to  relax  at  all  time  and  space 
scale  levels  of  defect  structure  and  self-organized 
critical  state  is  formed.  Due  to  the  limited  sizes  of 
samples  and  industrial  constructions  this  situation 
leads  to  material  fracture. 

Literature. 

1.  P.  Bak.,C.  Tang,  K.  Wisenfeld.  Phys.  Rev. 
Lett.,  59,  381,(1987). 

2.  P.  Bak.,C.  Tang,  K.  Wisenfeld.  Phys.  Rev.  A 
38,  364  (1988) 

3.  V.  Milman,  N.  Stelmashenko,  R.  Blumenfeld. 
Progr.  Materilal  Sci.,  38,  425,  (1994). 


63 


I.  FUNDAMENTAL  PROBLEMS  OF  MATERIALS  SCIENCE 


INSERTION  OF  RARE  EARTH  AND  OTHAR  METALS  INTO  Agl 
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Impurity  centers  determine  many  properties  of 
technologically  important  crystals  and  their  optical 
spectra  and  relaxation  behavior  are  of  diagnostic 
value  (for  example,  Lanthanide  Ion  Probe 
Spectroscopy.  The  specific  features  of  high 
impurity  concentration  areas  arc  the  formation  of 
defect  associates.  superlatticc  ordering, 
concentration-dependent  structure  phase 
transitions,  metal-dielectric  transitions,  synthesis 
of  new  compounds,  disordering  of  parent 
structures,  etc.  The  variety  of  properties,  types  of 
behavior,  and  possible  application  spheres  of 
crystals  modified  by  impurities  cause  the 
appearance  of  new  directions  in  research  and 
technology.  Compounds  and  materials  containing 
rare  earth  (RE)  impurities  attract  particular 
attention  because  of  their  unique  optical, 
magnetic,  and  some  other  properties. 

The  materials  with  low  maximum  phonon  energy 
are  having  prospects  for  MID-IR  applications.  The 
silver  halides  possess  many  interesting  properties: 
nonhygroscopic,  the  frequency  cutoff  of  the 
phonon  spectrum  located  at  low  ho).  <  200  cm"', 
refractive  index  is  high  (2.0  -2.2)  and  they  arc 
highly  transparent  in  a  broad  spectral  interval. 
Therefore  AgHal  can  be  used  for  fabrication  of 
miniature  planar  optical  waveguaides  -  the  key 
structures  for  optoelectronics  applications. 
Another  applications  AgHal  materials  doped  by 
RE  are  NIR  and  MID-IR  optical  fiber  amplifiers 
and  lasers.  The  area  of  such  devices  -  scientific 
instruments.  control,  surveillance,  remote 
measurements,  systems  for  laying  and  aiming  of 
weapon.  The  known  ways  of  syntheses  do  not 
allow  to  get  high  concentrations  of  RE-ions  at  the 
systems  on  the  base  of  AgHal  because  of 
separations  in  samples  the  phases  of  highly 
hygroscopic  rare  earth  halides  REHah. 

In  our  previous  work  [1],  it  was  suggested  that 
crystal  structures  with  high  concentrations  of 
impurity  centers  and  specific  properties  could  be 
created  by  inserting  certain  metals  into  channels  of 
cation  conductivity  in  solid  electrolytes 


(supcrionic  conductors)  where  the  density  of 
vacant  crystallographic  sites  of  various  types  is 
higher  than  1022  cm'3.  At  the  works  [1-3]  an 
insertion  Sm  and  Yb  into  a  solid  electrolyte- 
superionic  conductor  RbAg,L  was  discovered  by 
optical  absorption  method.  The  experimental 
samples  were  prepared  by  vacuum  thermal 
sputtering  (2  xlO'6  Torr)  of  Sm  or  Yb  films  onto 
polycrystalline  RbAg.,I5  films  100-200  nm  thick  at 
293  K.  Then  RE-metals  dissolved  into  RbAg4I5. 
Materials  forming  by  insertion  of  RE  do  not 
change  optical  features  in  humid  atmosphere. 

The  following  features  were  observed  in  the 
optical  absorption  spectra  of  the  samples  obtained 
after  the  reaction  of  Sm  or  Yb  films  with  RbAg4I5 
films:  1)  a  wide  band  of  strong  absorption  peaking 
in  the  region  2.4  eV.  The  band  was  interpreted  as 
due  to  the  F-ccnters  (electron  in  the  F vacancy) 
with  an  equilibrium  concentration  of  ~  3  xlO20  cm" 
3;  2)  a  band  in  the  region  3. 6-3. 8  eV  appearing  at 
higher  Sm  concentrations  and  interpreted  as  an 
edge  exciton  of  a  new  phase  formed  in  the  sample. 

According  to  the  mechanism  proposed  in  work 
[1],  the  insertion  of  RE  into  RbAg4I5  films 
proceeds  via  precipitation  of  small  quantities  of 
Agl  on  the  surface  of  crystallites  and  filling  the 
vacancies  of  silver  and  iodine  in  the  RbAg4I5 
lattice  by  RE-ions  and  electrons,  respectively. 
Assuming  that  RE  form  tri valent  ions,  the 
composition  of  the  superionic  conductor  turned 
out  to  be  RExRbAg.|.3Nl5.3x  . 

It  was  found  that  storage  of  the  samples  in  dry 
atmosphere  or  in  air  at  room  temperature  (RT)  led 
to  the  restoration  of  the  initial  optical  spectra, 
electrical  conductivity  and  Debye-grams.  The 
observation  was  explained  as  due  to  a  reduction  of 
RE-ion  and  F-center  concentrations  by  the 
formation  of  RE  oxides  (Cb->  20  2"  MIT)  and  by 
returning  of  silver  and  iodine  ions  back  into  the 
crystallites. 
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In  the  works  [4,5],  the  idea  to  extend  our  previous 
results  on  all  RE  metals  and  some  groups  of  silver 
(copper)  halides  is  realized.  These  works  based  on 
results  Releigh  [6]  which  establish  the  structural 
principles  for  silver  halide  superionic  conductors. 
According  to  his  results,  RbAg4I5  and  many  other 
AgT-  (Cu~-)  superionic  conductors  with  a  common 
formula  QI  nAgl  (Q  =  nitrogenous  organic  bases 
such  as  tetraalkylammonium,  pyridinium, 
quinolinium,  etc.),  as  well  as  numerous 
compounds  obtained  by  adding  Agl  to  silver  oxy- 
salts  (phosphates,  tungstate,  molybdate,  chromate, 
vanadate,  arsenate,  cyanides,  polymethonium 
iodides,  sulfonium  iodides,  tropyllium  iodides  and 
mercuric  iodochalcogenides)  inherit  one 
important  feature  of  the  wurtzite  structure  of  [3- 
Agl,  namely,  faced-shared  iodide  tetrahedra 
where  each  Ag*-filled  I4  tetrahedron  shares  a  face 
with  the  adjacent  empty  one.  The  main  function 
of  Q’  -modifying  ions  is  to  increase  the  degree  of 
face-sharing  by  iodide  ion  coordination 
polyhedra. 

If  an  essential  condition  for  RE  insertion  is  a  pair 
of  faced-shared  iodide  tetrahedra  or  simply  the 
availability  of  a  fraction  of  empty  tetrahedra  (the 
size  of  tetrahedra  enough  suited  for  RE),  then  the 
results  similar  to  [1-3]  should  be  obtained  both  for 
P-AgI  and  a  number  of  other  silver  halides 
differing  by  the  chemical  composition  and 
structure.  In  zinc-blende  structure  half  of  the 
metal  positions  is  not  occupied.  Because  of  this 
structure  close  related  to  wurtzite  modification,  y- 
Agl  was  also  included  in  area  of  our  interest. 

In  the  work  [4,5]  the  rare-earth  metals  La,  Ce,  Pr, 
Nd,  Sm,  Tb,  Dy,  Tu,  Yb,  and  Eu  as  well  as  Sc  and 
Y  were  inserted  into  polycrystalline  p-  (y-)Agl 
films  for  the  first  time  under  the  conditions 
characteristic  of  topochemical  reactions.  Sm  was 
also  first  inserted  into  films  of  the  superionic 
conductor  CsAg4Br3.xLjx.  The  experimental 
samples  were  created  by  deposition  of  RE  metals 
(a  laser  ablation  method)  onto  Agl  films  (100-200 
nm)  at  the  vacuum  chamber  with  pressure  about  1 
xlO"'6  Torr  and  temperature  293  K.  The  specific 
features  of  the  obtained  optical  spectra  were 
explained  by  the  formation  of  F-centers, 
disordering  of  the  initial  crystal  structures  of  P-(y-) 
Agl,  and  synthesis  of  novel  nonstoichiometric 


compounds  termed  rare  earth  silver  iodides.  These 
compounds  with  optical  band  gap  3.6  -3.8  eV  at 
293  K  (a  band  gap  of  Agl  -  2.9  eV)  appear  at  the 
approximately  10%  concentrations  of  La,  Ce,  Pr, 
Nd,  Sm  or  Dy  in  the  samples.  For  Tb  and  more 
heavier  RE  then  Dy  take  place  disordering  of 
initial  structure  of  Agl  at  the  insertion  of  RE  but 
the  formation  of  novel  phase  is  not  observed.  For 
the  novel  compounds,  the  preliminary  data  of 
electron  and  x-ray  diffraction  indicate  the  patters 
which  differ  from  one  of  Agl. 

Recently,  the  optical  absorption  data  indicating  the 
formation  of  novel  compound  under  an  insertion 
of  Mn  into  Agl  were  also  obtained  at  the  IMT 
RAS.  The  band  gap  of  this  compound  is  more 
wide  than  a  band  gap  of  Agl  and  the  edge  of 
optical  absorption  is  more  complicated  than  for 
novel  compound  forming  at  the  R£-Agl  systems. 
We  also  performed  few  experiments  under 
insertion  RE  into  Cul. 
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The  results  of  an  investigation  of  the  steady  state 
motion  of  grain  boundary  systems  with  triple 
junctions  in  high  purity  A1  are  presented.  Namely, 
the  migration  of  systems  with  <11 1>  and  <110> 
tilt  boundaries  was  studied.  The  experimental 
results  demonstrate  that  the  motion  of  grain 
boundary  systems  with  triple  junctions  in  A1  can 
be  controlled  by  slowly  moving  triple  junctions. 
The  influence  of  triple  junctions  depends  on 
temperature.  It  is  particularly  strong  at  low 
temperatures.  In  the  high  temperature  regime  the 
motion  of  a  connected  grain  boundary  system  is 
less  affected  by  the  triple  junction,  and,  therefore, 
effectively  controlled  by  the  gram  boundary 
mobility.  The  experiments  revealed  a  drastic 
difference  between  activation  enthalpy  of  grain 
boundary  and  triple  junction  motion.  Therefore,' 
there  is  a  temperature,  below  which  triple 
junctions  govern  the  motion  of  the  connected 
boundary  system.  This  temperature  was  found  to 
depend  on  the  grain  boundary  and  triple  junction 
geometry,  used  in  the  experiment. 

The  motion  of  three  grain  boundaries  systems  with 
triple  junctions  (Table  1)  was  investigated.  The 
investigated  triple  junctions  consisted  of  two  high 
angle  tilt  grain  boundaries  (GBI  and  GBII)  and  a 
low  angle  tilt  boundary  (GB  III).  The  most 
important  parameter  of  the  motion  of  a  boundary 
system  with  a  triple  junction  in  Fig.  1  is 
the  angle  6  in  the  point  where  the  three  boundaries 
meet.  The  magnitude  of  this  angle  6  defines  the 
shape  of  the  stationarily  moving  grain  boundary 
system  [1]. 


Table  1.  Misorientation  of  the  investigated 
tricrystals. 


Sample 

GBI 

GBII 

GB  III 

SI 

2 1  °<1 1 1> 

1 8°<1 1 1> 

3°<1 1 1> 

SII 

27°<1 10> 

22°<1 10> 

5°<1 10> 

The  role  of  the  angle  9  becomes  clear  from  the 
relation  between  the  steady-state  value  of  6  and 


Fig.  1.  Geometry  of  the  grain  boundary 
system  with  triple  junction  during  steady- 
state  motion. 

which  describes  the  influence  of  the  triple  junction 
on  the  motion  of  the  entire  boundary  system  : 

mtja  29 

A  = - = -  (3) 

m ^  2  cos  6  -  1 

Whdn  A  is  small,  i.e.  A~l,  the  angle  0  tends  to 
zero  and  the  steady-state  velocity  is  controlled  by 
the  mobility  of  the  junction  : 

V  =  mif  (4) 

For  A  »1  the  junction  easily  adjusts  to  the  motion 
of  the  boundary  system,  and  the  angle  6  tends  to 
its  equilibrium  value  9= p/3. 

As  it  can  be  seen  in  Fig.  2,  the  measurement  of  the 
temperature  dependency  of  A  can  be  utilized  as  a 
method  to  analyze  the  experimental  data  and  to 
separate  different  regimes  of  motion  of  the  system, 
i.e.  triple  junction  and  boundary  controlled 
kinetics.  At  relatively  low  temperatures,  up  to 
430°C  for  sample  SI  and  up  to  510  °C  for  sample 
SI  I,  the  value  of  A  is  of  the  order  of  unity.  Since 
the  criterion  A  specifies  the  ratio  of  triple  junction 
mobility  to  grain  boundary  mobility,  low  values  of 
A  mean  that  the  triple  junction  mobility  is 
comparable  to  the  grain  boundary  mobility. 
Therefore,  the  motion  of  the  system  in  the  low 
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temperature  regime  can  be  interpreted  as  a  triple 
junction  controlled  motion.  The  rise  of  A  with 
increasing  temperature  indicates  that  the  system 
motion  becomes  increasingly  less  affected  by  the 
triple  junction,  and  boundary  kinetics  become 
predominant.  There  is  a  distinct  transition  from 
triple  junction  kinetics  at  low  temperatures  to  grain 


T  [°C] 

b) 

Fig.  2.  Temperature  dependence  of  the 
criterion  A  for  triple  junctions  in  samples  SI 
(a)  and  SII  (b). 

boundary  kinetics  at  elevated  temperatures  and  the 
activation  enthalpy  for  triple  junction  motion  Hpj 
is  considerably  higher  than  that  for  grain  boundary 
migration  (///,).  The  behavior  of  the  grain 
boundary  controlled  branch  in  Fig.  3  compares 
well  with  measurements  of  the  reduced  grain 
boundary  mobility  obtained  from  literature  data 
[2]  of  independent  bicrystal  experiments.  The 
corresponding  evaluation  for  system  SI  is  given  in 
Fig.  3a  and  yields  comparable  behavior.  Owing  to 
only  few  triple  junction  systems  investigated  so 
far,  it  is  an  open  question  how  the  transition  range 
between  grain  boundary  and  triple  junction  control 
of  migration  kinetics  depends  on  grain  boundary 
and  correspondingly  triple  junction  geometry.  In 
particular  grain  boundary  systems  consisting  of 
structurally  different  grain  boundaries  (<  1 1 1  >  and 
<110>  tilt  boundaries  in  the  current  study)  need  to 
be  adressed  to  probe  the  influence  of  triple 
junctions  and  their  geometry  on  texture 


development  during  grain  growth.  It  is  finally 
noted  that  the  results  of  the  current  study  again 
demonstrate  that  the  detennination  of  an  average 
grain  boundary  mobility  by  measurement  of  the 
mean  grain  size  evolution  during  grain  growth  in 
polycrystals  can  be  deceptive  and,  in  particular, 
different  for  measurements  in  the  high  and  low 
temperature  range. 


Fig.  3.  Temperature  dependence  of  triple 
junction  (®)  and  grain  boundary  mobility  (A)  in 
samples  SI  (a)  and  SII  (b).  Dotted  line  represents 
the  mobility  of  a  21°<1 1 1>  tilt  boundary  in  A1  as 
reconstructed  from  literature  data  [2]  ( H=  1.6 
eV;  A0=  103  m  2/s). 
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It  is  known  that  instability  of  crystal  lattice 
occurs  for  narrow-gap  semiconductors  Pb, ,Sn,Te 
in  the  composition  range  0. 18<x£i.O  within 
temperature  interval  25<T<100K.  Discovered  the 
existence  of  three  PT  by  the  help  of  X-Ray 
structure  analysis.  The  change  of  crystal  lattice 
»  symmetry  occurs  at  two  of  these  phase  transition 
(PT) 

Earlier  we  shown.  that  temperature 
dependencies  of  thermoelectric  power  and 
magnetic  susceptibility  give  sufficient  information 
tor  PT  research  m  A4B6.  Therefore  in  this  paper 
the  researches  of  neutron  diffractometry  as  well 
as  thermoelectric  power  (TP)  c,  magnetic 
susceptibility  (MS)  y.  Mall  coefficient  R.  in 
the  temperature  range  4.2-300K  and 
Shubnikov  oscillations  in  magnetic  fields  up  to  41 
are  represented 

Random  fluctuating  potential  (RFP)  arises 
owtng  to  defects  of  a  structure,  including  irregular 
distribution  of  components  of  alloy  or  chemical 
compound  of  complicate  composition  Jn 
semiconductors  RFP  results  in  nonthermal 
spreading  of  band  edges,  what  is  equivalent  to 
nonthermal  spread  of  a  chemical  potential  level  of 
magnitude  AH  -  s'1  (Nr)1 2  (s-  the  dielectric 
susceptibility,  N  -  concentration  of  defects,  r- 
action  radius  of  perturbation  potential)  Obviously, 
the  spread  of  quantum  lev  els  has  a  close  value.  The 
latter  allows  experimentally  evaluate  the  magnitude 
of  perturbing  action  of  RFP  corresponding  to 
nonthermal  spread,  of  quantum  levels,  which  is 
described  by  Dingle  temperature  -•  T»,  (AH  =  ATi,) 
In  quantum  oscillation  phenomena  In  determines 
damping  amplitude  of  oscillations  and  a  degree  of 
crystal  imperfection  at  T=  0  If  Then  in  general 
case  one  can  write  the  equation  for  order  parameter 

Q 

0  ^  Qw  AQ  a  (Tc  -Tf  +  yT„ 

where  I  c-  temperature  of  phase  transition,  a,  y  - 
factors,  P  -critical  index  of  order  parameter. 


Hence,  the  temperature  reduction  of  PT  at 
increase  of  defectivity  of  crystal  lattice  connected 
with  RFP  can  by  described  by  Dingle 
temperature.  The  magnitude  Ts,  in 

multicomponent  semiconductors  reaches  values 
about  25  K,  in  metals  -  1  K 

I  he  structure  phase  transitions  in 
semiconductors  ATVBYJ  attract  an  interest  to  this 
phenomenon  during  series  of  years. 

By  method  of  neutron  diffractometry  the 
sequence  of  phase  transformations  in  solid 
solutions  Pbi.v  Sn,Te  (x  =  0.2)  of  high  structural 
perfection  was  investigated,  hi  accordance  with 
the  data  of  single  frequency  Shubnikov-de  Haas 
oscillations  of  thermoelectric  power  these  samples 
have  Tj>  =(8+1 .2)  K. 

At  temperature  reduction  from  290  K  up  to 
100  k  the  interplanc  distance  d  along  f  1 00] 
direction  fluctuates  within  0.342  -  0.344  n\i.  At 
TCi<  1 00  K  the  strong  reduction  of  d  size  to  values 
0,336  mi  happens,  that  is  probably  due  to  phase 
transition.  In  the  range  T  =  90-40  k  the  top  of  a 
diffraction  reflex  is  sphtted  to  three  lines,  the 
peak  intensity  drops  up  to  a  minimum  value  at  T 
=  60  lv  The  an  increase  of  temperature  results  in 
an  increase  of  reflex  intensity'  and  vanishing  of 
splitting  In  general  temperature  changes  of  reflex 
intensities  and  their  disposition  on  the  scale  of 
interplane  distances  in  directions  [110]  and  [111] 
are  similar. 

Minims  on  temperature  dependence  of 
neutron  reflection  intensity  from  a  plane  ( 1 1 1)  are 
identified  as  phase  transformations  at 
temperatures  Tc,  -(35  ±  5)  K:  Tc-  =  (110  +  5)  K: 
To,  ---■  (140  ±  5)  K:  Tc,  =  (260  ±  5)  K.  The 
comparison  of  these  results  with  the  data  on 
research  of  temperature  dependencies  of 
thermoelectric  power,  magnetic  susceptibility  and 
X-Ray  structure  analysis.,  confirms  the  fact  of 
observation  of  sequence  of  four  phase 
transformations  in  Pbw.SmTe  (x  =  0.2) 

In  the  temperature  range  6  K<  T  <  35  K  the 
TP  of  investigated  crystals  is  linear  and  displays  a 
break  at  Tc,=  35  K.  The  dependence  a  <T)  at 
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(pH/c)»l  (g  y~)  has  such  a  break  also  at  the 
same  temperature  as  m  the  case  of  a  =  0.  The 
mentioned  fact  shows  that  process  of  current 
carriers  scattering  does  not  influence  on  forming  of 
this  break.  The  same  feature  of  a  we  observed 
earlier  at  20-25  K  for  the  crystals  with  close 
concentration  of  current  carriers  which  manifest 
PT.  At  Tc-2=  1 15  K  we  had  observed  a  peculiarity 
which  we  related  with  the  second  PT.  In  the 
temperature  interval  Tci  <  T  <  Tc2  TP  is 
characterized  by  hysteresis  loop  of  small  square. 
The  hysteresis  is  related  with  a  creation  of  the 
second  phase  nucleuses  and  with  an  energy 
consumption  for  increase  of  their  surface. 

It  is  necessary  to  pay  attention  to  the  fact  that 
in  the  hysteresis  region  reflection  (111)  splits  and 
its  intensively  has  a  minima  at  T  =  60K.  Then  the 
following  temperature  decrease  leads  to  an 
enlargement  of  its  intensively  and  to  disappearance 
of  a  splitting.  The  similar  hysteresis  loop  was 
observed  by  us  in  the  case  of  Pbi.:,GexTe  also.  It 
seems  that  the  TP  hysteresis  loop  at  PT  of 
displacement  type  had  been  observed  by  us  for 
the  first  time. 

At  Tct  the  hole  gas  is  degenerated  one  and 
one  can  observe  the  break  of  linear  dependence  of 
a  (T).  In  the  same  time  at  Tc2  where  the 
degeneracy  disappears  the  feature  of  a  (T)  seems 
like  a  bend.  The  similar  regularities  had  been 
noticed  by  us  earlier  for  the  samples  Pb0.sSn0.2Te 
and  Pbo.mGeo.ohTe.  This  fact  is  an  additional 
argument  which  testifies  to  our  observation  of  tire 
PT 

It  should  by  noticed  that  the  temperature  of 
the  first  PT  in  Pb0.sSnn.2Te,  grown  from  the 
vapour  phase  is  sufficiently  higher  than  in  the  case 
of  crystals  grown  by  Bridgman  method  (35  K  and 
20-25  K.  respectively). 

Earlier  we  shown  that  PT  in  SnTe. 
Pbo.82Sno.t8Te  and  Pb  1  .vSn.Te  results  in  the 
peculiarity  of  magnetic  susceptibility  like  a  splash 
of  paramagnetism  on  the  diamagnetic  background. 
The  MS  temperature  dependence  is  characterized 
by  two  features  at  Tct  and  TC2 .  The  temperature  of 
first  peculiarity  is  close  to  the  Tci  determined  from 
the  TP  temperature  dependence.  Therefore  we 
explain  it  by  PT,  as  we  had  done  earlier. 

At  PT  tire  fluctuational  feature  of  MS  appears 
which  obliged  to  the  fluctuations  of  order 
parameter.  Indeed  a  temperature  dependent 
correction  to  the  energy  gap  E,  appears  at  PT. 
Because  of  the  small  magnitude  of  Eg  in  narrow 
gap  semiconductor  Pbij.gSnuTe  the 


renormalization  of  band  spectrum  should  lead  to 
the  changes  of  its  magnetic  and  kinetic 
properties:  a  correction  to  magnetic 

susceptibility  appears  which  is  obliged  to 
fluctuations  of  order  parameter  in  the  vicinity  of 
PT.  The  manifestation  of  the  third  PT  on  the 
temperature  dependence  of  magnetic 
susceptibility  (Tc3  =  (140  ±  5)  K)  coincides  with 
the  extremum  on  the  dependence  on  integral 
intensity'  of  reflection  (111)  on  temperature. 
There  is  also  weekly  expressed  change  of  x  (T) 
in  the  vicinity-'  of  Tc2  =  ( 11 0  ±  5)  K. 

The  measurements  of  Hall  effect 
demonstrated  that  R  is  practically  independent  011 
temperature  and  does  not  have  feature  at  PT.  It 
can  be  explained  by  low  hole  concentration  when 
Fermi  level  is  situated  in  the  light  hole  band  and 
does  not  penetrate  into  heavy  bole  band  .  This 
results  m  independence  of  hole  concentration  at 
PT. 

The  combined  analysis  of  the  data  of 
neutron  diffraction,  thermoelectric  and  magnetic 
researches  testifies  to  the  existence  of  four 
phase  transitions  at  Tci  =(35±5)  K,  Tc2  =(1  10  ± 
5)  K,  Tc3  =  (1 40  ±5)  K  and  Tc4  =(260  ±5)  I<  in 
the  single  crystals  Pby.gSny.2Te. 

The  structural  perfection  improvement  of 
single  crystals  of  solid  solution  Pb0.gSn0.2Te 
results  in  the  shift  of  the  first  phase  transition 
temperature  Tci  from  20-25K  to  Tci  =  35K. 
Again  it  has  lead  to  the  appearance  of  phase 
transition  at  Tc2  =  1 1  OK  and  thermoelectric  power 
hysteresis  in  the  temperature  range  Tc;  -  Tc2 
which  testifies  to  the  I  type  of  this  phase 
transition.  The  observed  splitting  of  reflection 
peaks  of  the  neutron  diffraction  spectrum  s  in 
the  same  temperature  interval  indicates  the 
lowering  of  crystal  lattice  symmetry.  Phase 
transformations  at  Tc3  and  Tc4  are  transitions  of 
presumable  the  II  kind. 
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THEORETICAL  AND  EXPERIMENTAL  BASIS  FOR  DEVELOPING 
STRUCTURAL  MATERIALS  FOR  GLASSMOULDING  TOOLS 

Kolotilkin  O. 

The  Zaporozhye  national  technical  university,  Zaporozhye,  Ukraine 


Mechanisms  of  failure  of  structural  mate¬ 
rials  for  glassmoulding  tools  have  been  estab¬ 
lished.  New  methodology  enabling  to  use  standard 
and  newly  proposed  devices  and  techniques  has 
been  worked  out  for  complex  estimation  of  mate¬ 
rials  working  capacity. 

The  influence  of  graphite  phase  in  fer¬ 
rous-carbon  alloy  on  sensible  heat,  physical  me¬ 
chanical,  and  service  properties  has  been  studied. 
It  was  revealed  that  with  increase  of  graphite 
phase  quantity  from  2,1  up  to  18,3  volumetric 
percent  heat  conduction  increases  by  78  %.  At  the 
same  time  surface  area  of  failure  with  graphite 
increases  from  9+0,5%  to  90+0,5%,  so  alloy  fail¬ 
ure  occurs  mainly  in  graphite  inclusions  that  ex¬ 
plains  deterioration  of  mechanical  properties  and 
viscosity  of  failure.  It  was  found  that  iron  wetting 
with  glass  mass,  roughness  and  velocity  of  ther¬ 
mochemical  erosion  rises  respectively  to  65%, 
412,5%  and  292%  with  an  increase  of  graphite 
phase  quantity. 

The  analytical  task  of  determining  ulti¬ 
mate  strength  of  heterogeneous  material  (ferrite  + 
graphite)  with  growing  carbon  content  from  0,48 
up  to  4,02%  has  been  solved.  It  was  shown  that 
the  failure  character  of  ironcarbon  alloys  at  load¬ 
ing  is  related  to  concentration  of  stresses  at  points 
of  graphite  inclusions.  Experimentally  it  was 
proved,  that  when  loading  at  points  of  graphite 
inclusions  microzones  of  plastic  deformation  are 
being  formed.  Using  numerical-analytical  method 
of  finite  elements,  analytical  task  in  frames  of 
theory  of  plasticity  has  been  solved  enabling  to 
determine  sizes  of  plastic  deformation  zones 
which  are  related  to  size  and  shape  of  inclusion, 
load  and  elastoplastic  characteristics  of  inclusions 
and  metallic  matrix.  Relationship  between  micro- 
deformed  metal  factor  and  parameter  of  inclusion 
shape  has  been  ascertained. 

It  is  shown  that  with  the  increase  of  pa¬ 
rameters  of  inclusion  shape  the  share  of  microde- 
formed  metal  grows  with  exponential  relationship. 

The  idea  of  cast  iron  failure  mechanism 
on  periodic  contact  with  glasmass  melt  has  been 
widened.  It  was  found  that  cast  iron  wetting  with 
glasmass  is  related  to  shape  and  roughness  and 
velocity  of  thermochcmical  erosion  to  shape  and 
sizes  of  graphite  inclusions.  The  mechanism  of 


damage  of  cast  iron  with  different  degree  of  al¬ 
loying  has  been  studied.  It  is  proved  that  graphite 
has  a  dominant  role  in  failure  and  formation  of 
cast  iron  properties  regardless  of  alloying  degree. 
On  basis  of  analysis  of  regressive  relationships  of 
proposed  criteria  of  durability  to  chemical  compo¬ 
sition  of  cast  iron,  optimum  combinations  of  con¬ 
centration  of  carbon  and  silicon  providing  re¬ 
quired  level  of  mechanical  and  service  character¬ 
istics  for  definite  conditions  of  tools  parts  opera¬ 
tion  have  been  found. 

It  was  found  that  at  simultaneous  alloying 
of  cast  iron  with  chromium  (0,4.. .0,6%)  and  alu¬ 
minum  (0,4.. .0,6%)  strength,  viscosity  of  failure 
and  thermal  resistance  increase  that  is  associated 
primarily  with  finer  structure  of  perlite  and  rela¬ 
tively  low  graphite  participation  in  failure.  Finer 
structure  of  perlite  and  presence  on  cast  iron  of 
oxide  films  with  crome  and  aluminium  base  offer 
minimum  values  of  roughness,  wetting,  adhesive 
factor,  velocity  of  thermochemical  erosion  and 
better  resistance  to  failure  of  oxide  layers.  It  has 
been  proved  the  copper  content  in  cast  iron  should 
be  within  limits  of  0,15... 0,3%  to  increase  heat 
conductivity  of  cast  iron  for  the  purpose  of  ex¬ 
traction  of  heat  from  working  surface  of  glass¬ 
moulding  tool.  On  basis  of  results  obtained  com¬ 
positions  of  cast  iron  for  parts  of  glassmoulding 
tools  working  in  conditions  of  thermochemical 
erosion,  thermocyclic  and  mechanical  loads  have 
been  obtained. 

Relationships  describing  the  influence  of 
chemical  composition  of  cast  high  speed  steel  for 
knives  fragment  of  glassmass  to  suggested  criteria 
of  reliability  and  durability  have  been  estab¬ 
lished.  It  is  shown  that  carbon  content  of  0,855% 
provides  optimum  combination  of  mechanical, 
operational  and  technological  properties  of  steel. 
It  has  been  proved  that  increasing  content  of  tung- 
steen,  molibdenium  and  vanadium  by  5%  en¬ 
hances  coefficient  of  adhesion  by  117,4%, 
183,3%  and  157%,  breakage  of  oxide  layers  -  by 
135%,  15%  and  55%  and  roughness  -  by  293,3%, 
206,7%  and  220,4%  respectively.  It  has  been 
found  out  that  concentration  of  tungsteen  (1%), 
molibdenium  (3%)  and  vanadium  (3%)  decrease 
to  maximum  the  velocity  of  thermochemical  ero¬ 
sion  as  a  consequence  of  leveling  off  carbide  het- 


70 


I.  FUNDAMENTAL  PROBLEMS  OF  MATERIALS  SCIENCE 


erogeneity,  desintegration  of  carbide  phase  and 
decrease  in  electrode  potential  between  carbide 
phase  and  metal  matrix.  On  the  basis  of  these  ob¬ 
tained  results  steel  has  been  elaborated  for  manu¬ 
facturing  knives  with  prolonged  operational  re¬ 
source. 

Relationships  of  influence  of  basic  alloy¬ 
ing  element  of  copper,  self-fluxing  elements  of 
boron  and  silicon  as  well  as  calcium  and  cerium 
modifiers  to  regularity  of  structure  formation  and 
creating  mechanical,  operational  and  technologi¬ 
cal  properties  of  built-up  metal  on  a  basis  of 
nickel  have  been  enstablished.  It  has  been  proved 
that  silicon  content  in  nickel  alloys  with 
0,5...  1,5%  of  B  should  not  exceed  2%  that  pro¬ 
vides  for  minimum  coefficient  of  adhesion  of 
glassmass  to  built-up  metal.  It  has  been  proved 
that  addition  of  12. ..15%  of  Cu  to  nickel  alloy 
with  boron  and  silicon  enables  decreasing  in 
roughness  and  adhesion  factor.  Increase  of  copper 
content  up  to  30%  improves  the  adhesive  strength 
of  built-up  metal  with  base  one  and  thermal  resis¬ 
tance  respectively.  It  has  been  proved  that  addi¬ 
tion  of  Ca  (0.15. ..0.3%)  and  Ce  (0.1. ..0.2%)  to 
copper-nickel  alloy  with  boron  and  silicon  im¬ 
prove  thermal  resistance  and  decrease  adhesive 
factor,  roughness  and  velocity  of  thermochemical 
erosion  at  the  expense  of  disintegration  of  eutectic 
colonies. 

Using  results  obtained  compositions  of 
building-up  materials  for  restoration  and  harden¬ 
ing  the  parts  of  glassmoulding  tools  of  different 
designation  have  been  developed. 

Character  of  damage  of  structural  materi¬ 
als  contacting  with  aggressive  media  is  influenced 
by  the  number  of  technological  factors  and  con¬ 
tact  duration  with  aggressive  media.  For  the  pur¬ 
pose  of  researching  the  processes  occurring  in 
contacting  zone  of  structural  material  with  media, 
the  model  of  transferring  the  viscous  smelt  on  tool 
surface  has  been  worked  out.  Calculated  scheme 
is  shown  in  figure. 


wall  of  a  tool 


Figure  1  Scheme  of  transferring  viscous  smelt  on 
tool  surface. 

W  -  velocity  of  smelt  transfer; 

V0  -  velocity  of  transferring  of  outer  layer  of  sili¬ 
cate  smelt  flow; 

P j>P2  -  flow  moving  force; 

2a  -  inner  diameter  of  tool; 

2b  -  inner  diameter  of  flow; 

1  -  length  of  system  area; 
r  -  flowing  radius. 

According  to  developed  model  the  veloc¬ 
ity  of  transferring  of  viscous  silicate  smelt  on  tool 
surface  is  determined  by  relationship: 

W  =  ~j32r2+Cl]nr  +  C2,  (1) 

p -p 

where  ft  =  — - - ; 

jU-l 

C,  and  C2  -  factors,  considering  /?  ,  V()  values 
and  parameters  a  and  b  (see  computated 
scheme). 

Fogel-Tammans  formular  relationship  of 
dynamic  viscosity  of  silicate  smelt  p  and  tem¬ 
perature  T  is  presented  as: 

lg  M  =  A  +  ~--,  (2) 

where  T  is  the  temperature  of  smelt,  A,  B  ,  T0  - 
constants,  depending  on  chemical  composition  of 
silicate  smelt. 

On  basis  of  formulas  (1)  and  (2)  the  pro¬ 
gram  enabling  to  determine  the  velocity  of  trans¬ 
ferring  viscous  silicate  smelt  on  tool  surface  with 
consideration  of  changing  viscosity  has  been 
compiled.  Design  of  glassmoulding  tools  with 
rational  profile  of  working  surface  have  been 
worked  out  on  the  basis  of  results  obtained.  This 
enabled  to  increase  the  velocity  of  transferring  the 
viscous  silicate  smelt  in  most  critical  areas  of 
working  surface  of  tool  and  decrease  contacting 
time  of  surface  layers  of  metal  with  aggressive 
smelt. 

In  whole  complex  approach  in  evaluation 
of  thermoerosive  failure  processes  and  wear  out  of 
tool  surface  when  processing  viscous  aggressive 
silicate  smelts  has  enabled  to  increase  the  durabil¬ 
ity  of  tools  by  4  times  and  decrease  its  metal  con¬ 
sumption  by  15%  and  improve  a  great  number  of 
other  technical  and  economical  indices  when 
manufacturing  glassmass  goods. 
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VISCOELASTIC  PROPERTIES  OE  INHOMOGENEOUS  MEDIA 
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"’institute  of  Molecular  Physics,  Polish  Academy  of  Sciences,  M.  Smoluchowskiego  17,  60-179 
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In  the  present  communication  we  report  investi¬ 
gations  of  viscoelastic  properties  of  chaotic,  fractal 
structures  in  which  one  of  the  phases  shows  negative 
shear  modulus.  A  phase  of  negative  shear  coefficient 
is  a  particular  case  of  the  Lakes’  system  [1]  of  nega¬ 
tive  stiffness  and,  as  such,  is  obviously  mechanically 
unstable  since  the  feedback  between  the  stress  and 
deformation  favors  increase  of  any  deformation.  One 
can  stabilize,  however,  such  a  phase  by  immersing  it 
into  a  matrix  of  positive  stiffness. 


Figure  1.  Illustration  of  the  self-similtjijty  of  the 
fractal  system  Q„(Lc„  p„=] )  (where  >?->oc)  of  vis¬ 
coelastic  bonds  for  Ln  —  2 .  The  viscoelastic  bonds 
are,  for  simplicity,  represented  by  parallclly  con¬ 
nected  ‘pistons’  (viscous  element)  and  ‘springs’ 
(elastic  element). 

The  analysis  was  performed  on  the  basis  of  a  hi¬ 
erarchical  model  of  two-component  structure  and  is 
a  generalization  of  the  method  of  elastic  properties 
calculations  described  in  detail  in  [2],  In  the  model¬ 
ing  of  chaotic  structures  presented  there,  hierarchical 
lattices  of  bonds  representing  random  distribution  of 
parameters  were  applied.  In  contrast  to  the  case  con¬ 
sidered  in  [2],  where  the  bonds  of  the  lattice  repre¬ 
sented  purely  elastic  properties,  the  bonds  consid¬ 
ered  here  may  represent  more  general,  viscoelastic 
case  (see  Fig.  1 ). 

The  dependencies  of  the  viscoelastic  properties 
on  properties  and  concentrations  of  phases  forming 
the  considered  inhomogeneous  medium  were  mod¬ 
eled  by  a  simple  generalization  of  the  “blob  model” 
[2,3].  Namely,  the  results  obtained  for  static  elastic 
properties  correspond  to  results  for  viscoelastic 


properties  (for  arising  harmonic  vibrations)  obtained 
by  replacing  the  real  elastic  modules.  K  (the  bulk 
modulus)  and  p  (the  shear  modulus),  by  the  com¬ 
plex  modules  . 

Calculations  were  performed  for  a  two- 
component,  inhomogeneous  medium.  For  simplicity, 
it  has  been  assumed  that  both  the  phases  are  iso¬ 
tropic  and  the  first  phase  is  purely  elastic  whereas 
the  second  phase  is  elastic  from  the  point  of  view  of 
volume  deformations  and  viscoelastic  from  the  point 
of  view  of  shear  deformations.  The  concentration  of 
the  purely  clastic  phase  is  denoted  by  p. 

It  is  convenient  to  write  the  shear  modulus  of  the 
second  phase,  //*  ,  in  the  form 

//*2  V(1  +/»,  (1) 

where  y-=t^(p^p"^p'y  v=/y//  >  and  yU*[  =  p’{ 

is  the  (real)  shear  modulus  of  the  first  phase. 

In  the  following  we  compare  the  effective  shear 
modulus  of  an  inhomogeneous  medium  with  fractal 
structure  (further  referred  to  as  a  fractal  composite) 
with  a  composite  material  corresponding  to  the 
Hashin-Strikman  formulae  (further  referred  to  as  the 
Hashin-Strikman  composite). 

In  Fig.2,  the  ratio  of  the  effective  shear  modulus 
to  the  shear  modulus  of  the  elastic  phase  is  shown  as 
a  function  of  the  concentration  of  the  elastic  phase 
and  .v  for  y=10‘3.  It  is  assumed  that  the  viscoelestic 
phase  in  Fig.  2  has  a  negative  shear  modulus  (i.e. 
negative  real  part  of  the  complex  shear  modulus) 

and  is  characterized  by  y~tg(p,  =0.00  and  the  Pois¬ 
son’s  ratios  of  both  phases  (calculated  from  real 
parts  of  the  elastic  moduli)  are  equal  to  0.3  84...  . 
(The  latter  assumption  means  that  the  ratio  of  the 
real  part  of  the  shear  moduls  to  the  bulk  modulus  is 
equal  to  //',  /K ,  =  0.8.  where  /  =1,2  numerates 
the  phases;  in  consequence  the  ratio  of  the  bulk 
modulus  of  the  second  phase  to  the  bulk  modulus  of 
the  first  phase  is  equal  to  .v  =  AT  7  K \  .)  It  can  be 
seen  there  that  for  the  inhomogeneous  fractal  me¬ 
dium  the  shear  modulus  shows  in  some  ranges  of 
concentration  a  resonance-like  behavior  similar  to 
that  discussed  in  [  1  ]  whereas  in  the  Hashin-Strikman 
composite  there  exists  only  one  such  a  resonance  in 
the  vicinity  of  the  concentration  p-  \. 
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Fiaure  2.  Comparison  of  the  ratio  of  the  effective  shear  modulus  to  the  shear  modulus  of  the  elastic  phase  at  y-0.001 
as~a  function  of  the  concentration  of  the  elastic  phase  and  x  :  (a)  in  the  fractal  composite  and  (b)  in  the  Hashin- 
Strikman  composite.  In  (c)  and  (e)  some  sections  of  the  (a)  are  presented,  whereas  in  (d)  and  (f)  some  sections  of  (b) 
are  shown;  the  values  of  x  corresponding  to  the  sections  are  given  in  these  figures. 


Figure  3.  The  idea  of  construction  of  a  material  with 
fractal  structure. 

The  above  comparison  shows  that  the  viscoelas¬ 
tic  properties  of  the  fractal  composite  differ  qualita¬ 
tively  from  the  properties  of  the  Hashin-Strikman 
composite.  The  observed  differences  can  be  under¬ 
stood  taking  into  account  that  the  hierarchical  model 
considered  takes  into  account  clusters  of  various 
length  scales  and  different  parameters  of  their  ‘reso¬ 
nances’  which  are  formed  in  the  fractal  composite 


whereas  the  Hashin-Strikman  composite  is  ‘uniform’ 
in  this  aspect.  At  this  point  let  us  notice  that  a  mate¬ 
rial  of  fractal  structure  which  should  show  the  vis¬ 
coelastic  properties  similar  to  those  obtained  by 
solving  the  model  described  can  be  manufactured  in 
reality  by  the  following  scheme.  At  the  first  step  (the 
lowest  size  level)  one  produces  “tablets”,  e.g.  of  a 
polymer  with  required  inclusions.  At  the  next  step, 
the  tablets  obtained  at  the  preceding  level  are  used  as 
inclusions  to  larger  tablets.  The  process  is  continued 
and  a  hierarchy  shown  in  Fig.3  is  obtained. 

This  work  was  supported  by  the  Polish  Commit¬ 
tee  for  Scientific  Research  (KBN)  and  by  the 
Ukrainian  National  Academy  of  Science. 
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1.  Introduction 

Aluminium  foams  are  a  new  class  of  lightweight 
materials  attractive  for  the  automotive  industry. 
Molten  metal  can  be  processed  to  a  porous  materia! 
by  injecting  gas  into  the  melt  [1]  or  by  adding  a 
foaming  agent  (FA)  into  it  [2],  Metal  foams 
currently  are  not  widely  used  in  spite  of  their 
excellent  properties  because  of  difficult  control  of 
the  foaming  process  and  high  production  cost. 

To  meet  the  above  requirements,  a  new  widely 
available  FA,  calcium  carbonate,  is  suggested.  A 
homogeneous  distribution  of  the  FA  in  a  melt  can 
be  achieved  by  enhancing  the  wetting  of  particles. 
Applying  a  surface  coating  technique  solves  this 
problem.  In  this  work,  the  ion-exchange  process 
was  employed  for  the  (novel)  purpose  of  coating 
calcium  carbonate  powder  with  fluoride. 

The  present  study  aims  to  investigate  the  coating 
procedure,  to  compare  the  foaming  ability  of  the 
conventional  FA  (TiH2)  with  the  new  candidate 
(CaC03),  and  to  elucidate  the  impact  of  surface 
phenomena  occurring  during  melt  foaming  on  the 
structure  of  solid  foam. 

Materials  and  Experimental  Procedures 

Powder  coating  technique  and  surface  analysis. 

A  commercial  calcium  carbonate  powder  with 
particle  size  of  7.5  On  was  coated  with  CaF2  in  an 
aqueous  solution  containing  NaF.  The  solution  was 
stirred  at  40°C  to  induce  the  ion  exchange  reaction: 
CaC03  +  2NaF  =  CaF2  +  Na2C03.  After  stirring, 
the  solution  was  filtered  and  the  CaC03  powder 
was  then  dried  in  an  oven  at  120  °C. 

Particle  size  and  morphology  of  the  powder  were 
examined  by  scanning  electron  microscopy  (SEM) 
and  X-ray  photoelectron  spectroscopy  (XPS)  was 
used  to  study  the  chemical  composition  of  the 
carbonate  surface. 


Preparation  of  agents.  Instead  of  CaC03  powder, 
a  marble  plate  polished  with  1  pm  diamond  slurry 
was  used  in  the  wetting  study.  The  samples  were 
coated  with  CaF2  by  the  technique  described 
above.  TiFE  powder  with  a  particle  size  of  10  pm 
was  compacted  into  cylindrical  tablets  and  cut,  to 
obtain  straight-edged  sections. 

Wettability  study.  The  dipping  of  a  solid  plate 
into  pure  aluminium  (99.9  mass%)  was  employed 
to  study  the  wetting  behaviour  of  liquid  A1  in 
contact  with  foaming  agents.  The  contact  angle 
was  determined  from  an  image  contour  of  the 
junction  of  the  three  phases,  obtained  by  the  X-ray 
radioscopic  visualization  technique.  A1  was  melted 
in  a  resistance  furnace  in  an  argon  atmosphere.  A 
solid  plate  of  foaming  agent  was  mounted  by  steel 
wire  at  the  lower  end  of  an  A1203  tube  and 
introduced  vertically  into  the  melt  at  690°C.  X-ray 
observation  was  carried  out  for  15  min. 

Foaming  experiment.  Aluminium  foaming  tests 
by  both  the  conventional  FA  (titanium  hydride) 
and  the  new  FA  (calcium  carbonate)  were  carried 
out  using  the  ALPORAS  [2]  foaming  route. 
Aluminium  alloy  A  356  in  a  stainless  steel  crucible 
was  melted  in  a  resistance  furnace.  Ca  used  as  a 
thickening  agent  was  added  into  the  melt  at  750  °C 
while  stirring  in  an  ambient  atmosphere.  After 
cooling  to  the  prescribed  value  (640°C  for  TiH2, 
680°C  for  CaC03),  the  molten  aluminium  was 
stirred  with  the  FA  powder  (1  wt.%).  The  FA  then 
decomposed,  evolving  gas  and  caused  the  melt  to 
foam.  Finally,  this  foam  was  cooled  by  fans. 

Results  and  Discussion 

SEM  and  XPS  surface  analysis  of  foaming  agent 
coating.  The  only  difference  in  surface 
morphology  of  uncoated  and  coated  particles  was 
the  presence  of  dissolution  traces  on  the  edges  of 
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the  coated  particles.  Apparently  this  coating 
couldn’t  be  detected  by  SEM. 

XPS  analysis  revealed  the  Is  peak  of  F, 
designating  F  bonded  to  Ca  (F  -  Ca).  This  peak 
occurred  throughout  a  10  min  sputtering  period 
indicating  the  presence  of  calcium  fluoride  on  the 
carbonate  surface.  The  FIs  peak  was  not  detected 
on  uncoated  carbonate  particles. 

Wettability  study.  Analysis  of  the  X-ray  images 
revealed  that  TiFb  formed  a  lower  contact  angle 
(130°)  compared  with  CaCCb,  and  coated  CaCCh 
resulted  in  a  contact  angle  1 5°  less  than  that  formed 
by  uncoated  CaCC>3  (0  »  140°  and  155°, 
respectively).  These  observations  confirm  that  the 
surface  properties  of  the  coated  carbonates 
promote  better  wetting  by  the  melt. 

The  presence  of  an  alumina  layer  on  the  melt 
surface  and  also  gas  evolution  from  the 
decomposing  FA  make  it  difficult  to  quantify 
precisely  the  wetting  angles  from  this  type  of 
experiment.  Nevertheless,  a  comparative  analysis 
of  wetting  behaviour  for  different  FA  and  molten 
aluminium  can  be  made. 

Foaming  experiments.  The  influence  of  surface 
coating  on  foaming  ability  of  the  agents  was  also 
examined.  The  coated  agent  ensured  a  larger 
foamed  fraction  than  the  uncoated  one  (Fig.  1), 


Figure  1 .  Cross-section  of  the  foamed  A1  samples 
treated  with  (a)  Tfflh,  (b)  uncoated  CaCCb  and  (c) 
coated  CaCCh. 

3  -3 

decrease  in  total  sample  density  (1.0x10  kgm' 
compared  with  1.7xl03  kg-m'3).  These  results  can 
be  explained  by  the  contribution  made  by  agent 
coating. 

It  is  known  that  solid  particles  with  poor 
wettability  tend  to  coagulate  in  a  liquid.  In 
I  contrast,  wetted  particles  can  be  well  distributed  in 
a  liquid  without  formation  of  large  aggregates.  If 
the  solid  is  the  source  of  a  gas,  the  first  occurrence 
results  in  fewer  bubble  nucleation  centres  in  a 
liquid  than  the  second  one  does.  Consequently  the 
liquid  fraction  containing  bubbles  is  larger  when 
the  second  occurrence  is  operating.  It  is  likely  that 
in  our  experiments  the  particles  of  coated 
carbonate  were  distributed  in  the  melt  more 


uniformly  than  the  uncoated  one  did  and  produced 
foamier  melt  with  lower  density 
Most  important  for  practical  use  of  the  new 
foaming  agents  is  that  coated  carbonates  produced 
metallic  foam  with  a  density  comparable  to  that  of 
samples  treated  by  titanium  hydride  (~'1.0xl03 
kg-m' )  and  with  pores  (cell  size  =  1.1  x  10  m) 
(Fig.  2)  smaller  than  those  produced  by 
conventional  hydrides. 


Time  of  CaCC>3  Powder  Coating, 1  /  min 

Figure  2.  Dependence  of  pore  diameter  of  the 
foamed  samples  on  powder  coating  time  for 
different  FA. 

Conclusions 

A  calcium  carbonate  coating  was  prepared  by  an 
ion  exchange  method.  The  effect  of  a  coating  was 
studied  by  examining  the  wetting  behaviour  of  the 
FA  by  the  AI  melt.  The  coating  of  CaCCb  by  the 
CaF2  resulted  in  a  decrease  in  contact  angle  (~  15°) 
in  comparison  with  uncoated  carbonate.  Coated 
carbonate  produced  metallic  foam  with  a  density 
comparable  to  that  of  samples  treated  by  titanium 
hydride  (l.OxlO3  kgm"3)  and  much  less  then 
uncoated  carbonate  (1.7xl03  kg-m"3).  For  practical 
use  of  the  new  foaming  agent,  it  is  important  that 
coated  carbonate  ensures  aluminium  foam  with 
smaller  pores  (1.1  xlO"3  m)  than  those  produced  by 
the  conventional  FA,  titanium  hydride  (1.8xl0‘ 
m).  The  present  study  shows  that  calcium 
carbonate  is  highly  applicable  to  foamed  metal 
production. 
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Some  heterogeneous  materials  contain  foreign 
inclusions  of  cylindrical  and  close  shapes.  They 
may  be  reinforcing  fibres  or  pivots.  One  of 
extreme  examples  of  such  inclusions  is  a 
cylindrical  pore.  If  one  applys  the  electric 
technology  for  fabrication  or  thermal  processing  of 
such  materials  then  the  melting  of  a  binder  phase 
may  occur.  There  is  the  necessity  of  understanding 
of  character  of  interactions  between  such 
inclusions  and  surrounding  medium.  During 
passing  of  electric  current  the  thermal,  mechanical, 
mass-interchange  processes  arise  in  materials. 

The  model  of  a  representative  elementary  volume 
of  such  a  heterogeneous  material  may  be  imaged  as 
a  cylindrical  poly-layered  medium.,  for  example,  a 
three-layered  one.  Thus,  the  object  under 
consideration  is  following  one:  a  cylindrical 
conductor  unlimited  in  axial  direction  is  located 
inside  a  cylindrical  liquid  ,  which,  in  one's  turn,  is 
surrounded  by  a  next  solid  layer.  The  electric 
current  that  is  directed  at  an  arbitrary  angle  with  an 
axis  of  the  model  passes  in  general  case.  The 
current  component  which  is  parallel  to  the  axis 
results  in  heating  and  pressure  in  radial  directions 
to  the  axis  [1].It  is  expedient  to  concentrate  the 
main  attention  on  the  current  component  that  is 
directed  perpendicularly  to  an  axis  (cross  current). 
Since  the  model  is  not  limited  in  the  axial  direction 
the  problem  is  considered  as  two-dimensional.  The 
stationary  problem  was  solved.  In  the  first  step  the 
electric  current  density  distribution  was 
determined.  Such  a  distribution  depends  on 
conductivities  of  all  media  materials  and 
geometrical  dimensions.  Further,  the  function  of 
the  thermal  sources  density  W(r,y)  was  determined 
(r,y are  the  radial  and  angle  epordinates).  This  heat 
arises  due  to  the  Joule-Lenz  effect.  The  function  of 
the  thermal  sources  density  depends  on  the  current 
density  (besides  conductivities,  heat  capacities  and 
densities  of  the  media  materials).The  following 
step  includes  determination  of  the  temperature 
field  T(r,y).  It  depends  on  the  heat  conductivities 
(besides  above  properties)12*.  If  the  temperature 
dependence  of  conductivity  is  taken  into  account 


then  additional  causes  of  the  fiows  may  arise.  At 
stationary  regime  the  temperature  and  velocity 
fields  are  described  by  the  equations  (in  reduced 
variables) 

(VV)0  =  V20  +  (1) 

keAT 

(V  V)V  =  -VP  +  PrV2V  + 

k;  ST 

(2) 

where  V  is  the  velocity,  0  is  the  ratio  of 
temperature  excess  over  the  minimum  temperature 
to  the  whole  temperature  range  AT,pc  is  the  density 
C/jis  the  heat  capacity,  a  is  the  radius  of  the  inner 
boundary  of  a  liquid  layer,  kL,  is  the  heat 
conductivity,  /  is  the  body  Lorentz-force  arising 
due  to  current,  P  is  the  pressure,  Pr  is  the  Prandtl 
number. 

Eq.  (1)  is  the  equation  of  heat  transfer;  Eq.  (2)  is 
the  modified  Navier-Stokes  equation. 

.The  phenomenon  predicted  -arising  of  streams 
due  to  the  term  with  ( df/dT)0  in  Eq.  (2)  -  might  be 
called  the  electric-resistance-thermal  convection. 
The  character  of  such  a  velocity  field  V  is 
determined  in  the  first  place  by  the  dimensionless 
group  that  plays  the  similarity  criterion 

D  a/.i0J02ciAAT 

R  =  —  ■ -  u -  nt 


where  a  is  the  temperature  coefficient  of 
resistivity,  p„  is  the  magnetic  constant,  J„  is  the 
current  density  in  outer  medium  far  from  the 
liquid  layer,  vc  is  the  kinematic  viscosity,  is  the 
thermal  diffusivity. 

The  physical  sense  of  the  dimensionless  group  (3) 
is  such:  it  matches  up  the  electromagnetic  pressure 
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ajLtoJo2 a  AT/ pe  born  due  to  a  difference  of  the 
conductivity  with  the  product  ^accounting  for 
viscosity  and  heat  conducting  ability  of  fluid. 
Group  (3)  resembles  in  some  extent  the  classical 
Rayleigh  number  [3]  ,  the  criteria  proposed  by 
Bologa,  Grosou  and  Kozhukhar'  [4),  and  Daya, 
Morris  and  Bruin  [5]  The  group  proposed  in  the 
present  theory  characterizes  the  events  of  non¬ 
threshold  nature  (in  contrast,  for  example,  with  the 
Rayleigh  number).  In  real  situations  (for  example, 
in  some  objects  containing  liquid  metals  with  solid 
inclusions)  the  eiectric-resistance-thermal 
convection  may  coexist  with  other  convection 
types.  These  phenomena  may  influence,  in 
particular,  the  mass  transfer  and  alloying 
processes. 
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Study  of  an  interaction  between  fibrous  filler  and 
liquid  binder  at  a  stage  of  a  “green  body”  forming  is 
an  integral  part  of  a  complex  investigation  of 
ceramic  composite  materials.  Earlier  it  has  been 
shown,  that  metal  oxide  fibres  prepared  by 
oxidation  of  salt-containing  polymer  materials 
possess  a  developed  surface,  high  porosity,  and 
consist  of  oxide  nanograins  [1],  When  ceramic 
fibres  are  used  as  a  filler  in  composite  it  is 
necessary  to  know  their  adhesion  properties  to  a 
liquid  binder  because  their  interaction  during  a 
composite  production  influences  on  technical 
characteristics  of  ceramics. 

The  work  described  here  deals  with  the  interaction 
between  alumina  fibres  and  aluminium  cromium 
phosphate  binder  (ACPB)  at  their  surface  contact. 

Alumina  fibres  were  obtained  by  oxidising  hydrated 
cellulose  fibres  impregnated  with  aluminium 
chloride  and  additive  magnesiun  cloride  solution. 
As  initial  materials  cellulose  filaments,  felt  and 
cord  fabric  were  used.  The  ACPB  was  prepared  in 
the  form  of  aqueous  solutions,  their  viscosity 
changed  from  8,7- 1 0  3  up  to  145  - 1 0 3  Pa-s. 

The  investigation  of  surface  phenomena  was 
performed  by  method  based  on  a  continuous 
recording  of  the  force  variations  during  a  wetting 
process  of  the  cellulose  fibre  surface  with  ACPB 
from  a  contact  moment  up  to  a  moment  equilibrium 
[2],  The  interaction  between  alumina  fibres  and 
ACPB  solutions  was  characterized  relaxation  time 
of  wetting  x  (s),  an  initial  velosity  of  impregnation  u 
(m/s)  and  wetting  force  f0  (N/m).  The  last  parameter 
was  determined  as  a  ratio  of  the  wetting  force  to  the 
fibres  bun  perimeter:  f0=  Iv/P,  when  P=7tD/4,  and  D 
-  diametr  of  fibres  bun. 

Alumina  filaments,  felt  and  cord  fabric  remained 
their  matrix  forms  of  initial  poplymer  materials,  and 
they  possessed  differential  porocity  (50-85%),  and 
specific  surface  values  (15-100  m2/g).  More  over 
the  channels  between  individual  fibres  had  various 
forms:  parallel,  perpendicular,  branchy,  etc. 
Therefore,  these  factors  influenced  on  a  velocity  of 
wetting  and  impregnation  too. 


In  the  present  research  the  interaction  of  alumina  fibrous 
materials  with  the  liqid  binder  ACPB  occured  so 
actively  that  impregnation  -  liquid  rise  in  fibrous 
samples  was  in  advance  of  wetting  meniscus  formation 
at  the  boundary  fibre  -  liquid  ACPB.  When  values  of 
alumina  fibre  specific  surface  were  above  30-40  m2/g, 
impregnation  proceeded  rapidly,  for  several  seconds  and 
quicker.  If  values  of  fibre  specific  surface  20  m2/g  and 
less  the  impregnation  velocity  was  influenced  of  channel 
forms,  the  capillary  forces  was  more  in  parallel  interfibre 
channels.  In  felt  the  interfibre  channels  were  branched, 
so  impregnation  rate  was  slower.  A  texture  of  a  cord 
fabric  is  very  complex:  filaments  are  disposed 
perpendicular  to  each  other.  Besides  the  single  fibres 
form  screw-shaped  channels  because  a  liquid  movement 
became  slower  (fig.  1). 

During  investigation  of  the  fibre  -  binder  inetrface  a 
viscosity,  dencity  and  suface  tension  of  ACPB  solutions 
were  taken  into  account.  Normally,  increase  of  salt 
concentration  doesn’t  tend  to  cause  changes  in  the 
surface  tension  of  regular  solution.  But  phosphoric  acid 
and  its  salts  in  aqueous  solutions  form  polymolecular 
structures:  cyclic  or  branched  [3].  Due  to  that  a  density, 
viscosity  of  aqueous  phosphate  solutions  and  cohesion 
interaction  in  the  liquid  binder  increased  as  well  as  a 
surface  tension  at  the  interface  liquid  -  gas.  When  the 
solution  viscosity  of  the  ACPB  binder  was  changed  from 
8,7-1 0  3  to  1 45 ' 1 0 3  Pa-s  the  wetting  relaxtion  time 
became  an  order  of  magnitude  higher  and  the 
impregnation  rate  decreassed  correspondingly  (fig,  2). 

The  investigation  established  that  the  alumina  fibres 
prepared  by  impregnation  of  polymer  fibrous  material 
with  aluminium  salt  solution  and  by  subsequent  heat 
treatment  had  a  high  adhesion  power  to  ACPB  binder. 
The  main  technologycal  factors  affecting  wetting  and 
impregnation  were  solution  viscosity  and  fibre  texture. 
The  role  of  these  factors  predominated  over  another 
parameters:  a  composition,  fibre  specific  surface  and 
ACPB  surface  tension. 
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Fig.l.  Wetting  relaxation  time  (A)  and  initial  impregnation  rate  (B)  versus  spesific  surface  quantity  for 
alumina  materials:  filament  (solid  line),  felt  (dotted  line),  cord  fabric  (dush  dot  line);  ACPB  binder  viscosity: 
8,7-10  3  (1),  40-1  O'3  (2),  145- 1 0‘3  Pa-s. 


Fig. 2.  Wetting  relaxation  time  (A)  and  initial  impregnation  rate  '(B)  of  alumina  fibrous  materials  versus 
ACPB  binder  viscosity  for  various  textures:  filament  (1),  felt  (2),  cord  fabric  (3). 
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In  the  modern  ceramics  science,  the 
following  two  interconnected  urgent  problems 
stand  out.  1 .  Development  of  new  material  of 
engineering  application,  including  materials 
intended  for  replacing  critical  metals.  2.  Search 
for  new  approaches  to  the  production  technolog}' 
of  such  materials.  From  an  analysis  of  the  world 
literature  it  follows  that,  in  the  last  years,  in 
production  of  ceramic  materials,  deformation 
treatments,  including  high-pressure  ones,  are 
extensively  used.  This  is  the  evidence  of  the 
tendency  to  «metallurgization»  of  ceramic 
technologies.  The  preparation  of  ceramics  by 
thermobaric  sintering  is  an  example  of  employing 
thermomechanical  treatments  that  are  widely  used 
in  metallurgical  practice  for  regulating  structural 
states  and  strength  properties  of  materials.  The 
development  of  a  class  of  polycrystalline 
superhard  materials  on  the  base  of  dense  diamond 
and  boron  nitride  phases  is  a  direct  corroboration 
of  the  high  efficiency  of  the  deformation  approach 
in  ceramic  technologies  [1,2]. 

Electron  microscopy  and  X-ray  studies  of 
superhard  materials  has  shown  [2,  3]  that  sintering 
of  covalent  materials  under  high  pressures  and  at 
high  temperatures  is  completely  controlled  by 
plastic  deformation.  This  has  been  confirmed  by 
further  studies  of  the  structure  formation 
processes  in  samples  of  model  materials  (SiC, 
AIN,  TiBi,  B4C,  and  Si3N4). 

Irrespective  of  the  type  of  the  structure  of 
starting  materials,  the  formation  of  polycrystalline 
materials  under  high  pressures  and  at  high 
temperatures  proceeds  due  to  the  development  of 
structural  transformations  in  the  system  of  powder 
particles  without  high-angle  boundaries  formed 
between  them.  In  the  case  of  using  starting 
nanopowders,  the  major  structure  formation 
processes  are:  formation  of  centers  of  collective 
growth  through  coalescence,  collective 
recrystaliization,  and  further  deformation  of  grains 
formed.  For  large  starting  particles  (from  several 
to  hundreds  of  micrometers  in  size),  the  following 
sequence  of  structural  transformations  is  realized. 
1.  Translational  (lattice)  plastic  deformation 


characterized  by  the  high  density  of  accumulated 
stacking  faults  in  particles.  2.  Plastic  deformation 
and  structural  transformations  in  highly  defective 
particles,  i.e.,  under  the  conditions  of  suppression  of 

•  lattice  plasticity.  3.  Fragmentation  of  particles  as  a 
result  of  their  splitting  into  disoriented  regions 
(with  smooth  and  discrete  disorientations). 
4.  Primary  recrystaliization.  5.  Collective 
recrystallization.  The  structure  of  starting  powder 
materials  exerts  a  radical  influence  on  the 
mechanisms  of  development  of  the  indicated 
processes,  which  is  caused  by  different  mechanisms 
of  lattice  deformation.  This  is  most  convincingly 
confirmed  by  the  example  of  studies  of  a  group  of 
materials  on  the  base  of  diamond  and  diamond-like 
phases  with  the  wurtzite  (2H  BN.  6H  SiC,  2N  AIN) 
and  sphalerite  (3C  BN,  3C  SiC)  lattices  [4]. 

In  terms  of  mechanisms  of  translational 
deformation,  determining  the  type  of  a  defective 
substructure,  these  substances  can  be  divided  into 
three  groups.  1 . 2H  BN  and  6H  SiC.  Deformation  is 
realized  by  splitted  basal  dislocations,  which 
determines  the  high  density  of  stacking  faults 
formed  in  particles.  2.  Diamond.  3C  BN,  and  3C 
SiC.  The  combination  of  slip  and  small-scale 
twinning  along  the  planes  (1 1 1).  3.  2H  AIN.  Slip  by 
complete  basal  dislocations.  Based  on  the 
dependence  of  the  factor  of  splitting  of  dislocations 
on  the  energy  of  a  stacking  fault,  it  can  be 
suggested  that  the  value  of  the  latter  increases  from 
the  first  to  the  last  group  of  materials. 

Data  on  the  development  of  processes  of 
structural  transformations  in  the  indicated  three 
groups  of  materials  in  the  stage  of  rearrangement  of 
highly  defective  structures  formed  as  a  result  of 
lattice  deformation  obtained  in  electron  microscopy 
studies  of  structure  evolution  are  presented  in  the 
Table.The  investigated  specimens  were  prepared  in 

•  a  toroid  type  chamber.The  results  of  a  study  of 
deformation-induced  substructures  in  the  sections 
(1 10)  of  diamond,  3C  BN,  and  3C  SiC  crystals  and 

in  the  sections  (1120)  of  2H  BN,  6H  SiC,  and 
2H  ALN  crystals  are  given. 
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Mechanisms  of  Dynamic  Rearrangement  of  the 
Deformation-Induced  Substructure  in  Powder 
Particles. _ 


Starting 

material 

A  sequence  of  action  of  the 
mechanisms  of  structure  rearrangement 
with  increasing  temperature  under  P  = 
7,7  GPa  and  temperature  ranges 

2H  BN 

Kinking  —>  dislocation  recovery  within 
the  boundaries  of  fragments  ->  primary 
recrystallization  (PR)  of  the  3C  phase 
— »  collective  recrystallization  (CR) 
(1200-2000°C) 

6H  SiC 

Kinking  -»  dislocation  recovery  within 
the  boundaries  of  fragments  -»  PR  of 
the  3C  phase  -»  CR  of  heterophase 
grains  -»  PR  of  heterophase  grains 
(1 200-23  00°C) 

2H  AIN 

Bending  deformation  -»  dislocation 
recovery  in  the  bulk  of  particles  — > 
formation  of  subboundaries  ->  PR 
(1 000-1 600°C) 

Diamond 

Entering  of  dislocations  in  the  bulk  of 
twins  — »  development  of  reorientation 
bands  — >  formation  of  dislocation  pile- 
ups  along  the  path  of  twins  — » 
destruction  of  twins  -»  dislocation 
recovery  in  the  bulk  of  twins)  (1800- 
2300°C) 

3CBN 

Entering  of  dislocations  in  the  bulk  of 
twins  ->  development  of  reorientation 
bands  formation  of  dislocation  pile- 

ups  along  the  path  of  twins  -» 
destruction  of  twins  ->  PR  (1600— 
2200°C) 

3C  SiC 

Mechanisms  analogous  to  those  for 
3C  BN  (1400-2000°C) 

It  is  seen  from  the  Table  that,  in  the 
process  of  evolution  of  the  deformation-induced 
substructure,  fragmentation  of  particles  and  their 
further  recrystallization  proceeds.  For  AIN  only, 
fragmentation  of  crystals  is  caused  by  processes 
of  ordering  of  dislocations  in  volume  (dynamic 
dislocation  recover)')-  For  the  other  substances,  it 
occurs  due  to  proceeding  rotational  plasticity, 
retardation  of  transverse  slip,  kinking,  and 
formation  of  bands  of  reorientation.  The 
development  of  this  deformation  is  caused  by  the 
action  of  the  following  three  factors:  suppression 
of  transformational  plasticity,  retardation  of 
transverse  slip,  which  is  due  to  the  low  energy  of 
stacking  faults,  and  the  constraint  of  deformation 
processes  in  the  system  of  differently  oriented 


particles.  Further  primary  recrystallization  of  the 

■  considered  materials  proceeds  due  to  preliminary 
fragmentation.  In  the  indicated  three  groups  of 
materials,  the  mechanisms  of  deformation  also 
differ  [5].  In  the  first  stage,  recrystallization 
proceeds  along  grain  boundaries,  and  then  in  the 
volume  of  particles.  Only  in  the  stage  of  primary 
recrystallization,  well-developed  grain  boundaries 
form. 

On  the  whole,  the  fonnation  of  the 
materials  under  high  pressure  with  increasing 
temperature  proceeds  by  successive  transformation 
of  one  structural  state  into  another  (see  the  Table). 
Depending  on  sintering  conditions  (pressure, 
temperature,  the  time  of  isothermal  exposure,  and 
the  degree  of  hydrostatics  in  a  pressure  chamber),  in 
the  material,  can  be  obtained  both  a  structural  state 
(highly  strained,  fragmented,  recrystallized) 

■  homogeneous  within  the  whole  volume  and  a 
heterogeneous  one.  The  rearrangement  of  the 
microstructure  with  increasing  temperature 
proceeds  in  the  direction  of  decreasing  size  of 
starting  particles  due  to  fragmentation  and  primary 
recrystallization.  With  using  powders  of  highly- 
strained  substances,  in  materials,  nanodisperse 
states  (in  the  whole  volume  or  in  a  binding  phase) 
can  be  obtained  as  a  result  of  processes  of 
fragmentation  and  recrystallization.  This  has  been 
shown  by  the  example  of  2H  BN  synthesized  in 
shock  waves  and  diamond  the  powders  of  which 
were  preliminary  treated  in  shock  waves. 

The  results  of  the  structural  studies  of  the 
materials  on  the  base  of  diamond  and  diamond-like 
phases  allow  us  to  conclude  that  the  mechanisms  of 
plastic  deformation  and  further  structural 
•  rearrangements  during  thermobaric  sintering  of 
covalent  materials  are  determined  by  such  a 
fundamental  characteristic  as  the  energy  of  a 
stacking  fault. 
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Ultimately  composition,  structure  and  peculiar 
characteristic  of  sintered  compound  materials  are 
conditioned  by  interaction  on  the  boundary 
between  the  different  phases  during  sintering 
Electrical  properties  of  material  conductivity  and 
its  temperature  dependence  are  especially  sensitive 
to  composition  change  in  interphases  contacts 
zone. 

Thus,  the  electrophysical  properties  of  cermet 
fiims  are  formed  by  the  physicochemical 
interaction  between  the  current  conducting  and  the 
glass  binding  phases  in  the  process  of  firing 
resistive  composites.  It  is  just  what  affects  the  real 
microstructure  and  the  electrophysical  properties 
of  resistive  films. 

Investigation  the  interaction  on  the  boundary 
between  the  current  conducting  and  the  glass 
binding  phases  directly  in  cermet  films  by  electron 
microprobe  analysis  with  recording  of  the  intensity 
of  reflected  electrons  and  the  intensity  of  the 
characteristic  x-ray  radiation  of  the  elements 
composing  the  specimen  is  complicated  by  small 
dimensions  of  the  initial  powder  particles. 

The  depth  of  penetration  of  the  electron  probe, 
amounting  to  several  micrometers,  is  comparable 
with  the  dimensions  of  the  particles  of  the  current 
conducting  phase  and  with  the  width  of  the  regions 
of  interactions  of  the  current  conducting  and  glass, 
binding  phases,  and  it  was  therefore  not  possible  to 
reveal  the  pec uiiari ties  of  the  diffusion  of  each 
element  directly  on  the  sections  of  the  cermet 
fiims. 

Moreover  when  sections  of  the  films  are 
studied,  the  "edge  effects"  on  the  boundary  of  the 
current  conducting  phase  must  also  be  taken  into 
account:  they  are  due  to  the  fact  that  the  particles 
have  a  shape  close  to  spherical,  and  the  electron 
probe,  intersecting  them,  passes  through  different 
thickness  at  the  edge  of  the  particle  or  at  its  center. 
Thar  is  why  the  distribution  curves  of  the  intensity 
of  the  characteristic  x-ray  radiation  contain  the 
contribution  of  both  the  actual  diffusion  of 
chemical  elements  on  the  phase  boundary  and  of 
the  above-mentioned  “edge  effect". 

To  eliminate  both,  the  “edge  effect"  and  the 
effect  of  fhe  small  dimensions  of  the  particles,  we 
carried  out  investigations  of  the  physicochemical 
interaction  of  the  materials  of"  the  current 


conducting  phase  and  the  glass  phase  on  model 
sections.  Model  specimens  was  transverse  sections 
consisting  of  alternative  layers  of  current 
conducting  and  glass  biding  phase  subjected  to 
heat  treatment  by  the  regime  of  firing  resistive 
pastes.  As  objects  of  the  investigation  we  chose 
films  containing  hexaborides  of  rare-earth 
elements  (REE)  SrnB,,.  PrBs.  EuB,  and  of  glass 
with  crystallizing  composition  and  also  films  based 
on  ordinary'  ruthenium  oxide  and  glass. 

1  he  films  were  obtained  by  the  standard 
technology,  i.e..  applying  by  stencil  printing  the 
respective  resistive  pastes  to  a  base  of  ceramics 
type  M7  with  subsequent  high-temperature  firing 
at  850V  in  air  with  holding  for  10  min  at  the 
maximal  temperature.  The  change  of  concentration 
of  the  chemical  elements  at  the  transition  across 
the  boundary  between  the  current  conducting  and 
glass  binding  phase  was  investigated  on  an  x-ray 
imeroanalyzes  t\'pe  “Superprobe-733". 

It  is  established  that  there  is  considerable 
interdiffusion  of  the  chemical  elements  contained 
in  the  current  conducting  and  the  glass  binding 
phase.  The  diffusion  of  most  elements  into  the 
bulk,  across  the  phase  boundary,  may  amount  to 
several  micrometers  Consequently.  the 
composition  of  the  intergranular  dielectric 
interlayers,  which  play  an  important  role  in  the 
mechanism  of  the  passage  of  electric  current  in 
cermet  films,  differs  considerably  from  the 
composition  of  the  initial  powders  of  the  glass 
binding  phase. 

It  had  been  established  earlier  1 1]  that  in  high- 
temperature  firing  hexaborides  of  REE  "as 
components  of  the  resistive  films  are  subjected  to 
considerable  oxidation,  fhe  oxide  film  forming  on 
the  surface  of  the  particles  contains  boron  oxide 
and  borates  of  REE.  and  its  protects  the  particle? 
against  further  oxidation.  When  hexaborides  are 
used  as  current  conducting  phase,  this  oxide  film  in 
the  process  of  high-temperature  firing  of  the 
iesistive  pastes  interacts  with  fhe  fused  class  phase, 
and  this  leads  to  the  formation  of  the  real 
microstructure  of  the  resistive  film.  Bearing  this  in 
mind,  we  have  to  expect  that  there  is  a  substantial 
difference  between  interdiffusion  of  chemical 
elements  on  the  phase  boundary  in  specimens  fired 
in  air,  where  the  processes  of  oxidation  play  a 
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significant  role,  and  in  specimens  fired  in  vacuum 
where  there  is  no  such  oxidation.  This  is  bound  tj 
find  expression  in  the  working  characteristics  of 
the  respective  resistive  films. 

The  sood  working  characteristics  of  cermet 


precious  metal  films  are  due  tj  the  absence  of 
oxidation  of  the  electrically  conducting  phases.  It 
is  of  interest  too.  to  study  tire  behavior  of  resistive 
boride  films  also  fired  under  conditions  precluding 
the  oxidation  of  tire  boride  grains,  e.g.,  in  vacuum. 

To  find  out  to  what  extent  the  processes  of 
oxidation  affect  the  scale  at  interaction  on  the 
boundary  of  the  current  conducting  and  glass 
binding  phase  in  hexaboride  films,  we  investigated 
the  zone  of  contact  of  samarium  hexaboride  single 
crystal  with  the  glass  binder.  The  use  of  single 
crystals  made  it  possible  to  eliminate  the  effect  of 
the  porosity  of  the  specimens  of  hexaboride  on  the 
intensity  of  the  characteristic  x-ray  radiation  of  the 
elements  contained  in  the  model  section. 


The  photomicrographs  of  sections  fired  in 
vacuum  and  in  air  show  distinctly  the  difference  in 
the  diffusion  of  chemical  on  the  phase  boundary. 

For  instance,  in  specimens  fired  in  air  there 
occurs  diffusion  of  samarium  into  glass  and 
depletion  of  silicon  in  tire  near-boundary  layer  of 
glass;  this  is  bound  to  lower  the  melting  point  of 
glass  and  the  viscosity  of  its  melt.  This  manifests 
itself  on  the  working  characteristics  of  the 
resistive  films.  The  resistivity  of  films  fired  in 
vacuum  is  almost  ten  times  lover  than  those  fired 


in  air,  the  resistance  temperature  coefficients 
attains  in  absolute  value  3.10'\K"!  ,  after  moisture 
resistance  tests  of  resistors  the  resistance  of  films 
increases  by  a  factor  of  HR!  5.  In  films  fired  in  air, 
oxidation  of  particles  of  tire  current  conducting 
phase  has  the  effect  that  the  oxide  film  forming  on 
the  surface  interacts  intensively  with  the  molten 
glass  phase,  and  this  results  in  the  formation  of  a 
compact  flawless  rnicrostructure  of  the  films.  This 
makes  it  possible  to  obtain  precise  working 
characteristics  of  resistors  based  on  hexaborides  of 
REE.  For  instance,  in  the  range  of  resistivities 
Kr-10’  they  have  a  resistance  temperature 
coefficient  in  absolute  value  not  exceeding 
TKT'iC1,  and  moisture  resistance  not  poorer  than 


In  tire  investigation  of  the  cross  section  of 
cermet  films  based  on  ruthenium  oxide  and  glass, 
in  which  firing  is  not  accompanied  by  processes  of 
oxidation,  we  find  weak  interaction  of  the  current 
conducting  phase  with  the  glass  phase  with 
imperceptible  diffusion  on  the  boundary,  this 
follows  from  the  more  distinct  maximum  of 
intensity  of  the  characteristic  radiation  of 


ruthenium  when  the  electron  probe  passes  over  the 
boundary  of  the  current  conducting  phase.  The 
investigation  of  diffusion  zone  in  different 
conditions  of  the  firing  and  its  coordination  with 
working  characteristics  of  cermet  films  fired  in  the 
same  conditions  makes  it  possible  to  determine  the 
criterion  of  the  stability  and  the  reproductivity  of 
the  working  characteristics  of  cermet  films. 

Manufacturing  of  resistive  cermet  films  with 
stable  and  reproductive  -working  characteristics  it  is 
possible  only  when  maximal  dimension  of  the 
current  conducting  particles  is  smaller  than  width 
of  the  diffusion  zone  in  model  sections  tired  at  the 
same  conditions  as  the  firing  of  the  cermet  films. 

Optimum  working  characteristics  of  the 
resistive  cermet  films  based  on  MeBft  correspond 
to  the  correlation  when  maximal  dimension  of  the 
MeBfi  current  conducting  particles  3-5  time  smaller 
than  average  dimension  of  the  diffusion  zone. 

It  obviously  means  that  during  process  of  the 
high-temperature  firing  at  850°C  in  air  with 
holding  for  10  min  at  the  maximal  temperature 
diffusion  processes  have  enough  time  to  occur 
completely  in  particles  of  all  dimensions  in  the 
cermet  film  and  its  composition  and  property  are 
average  for  each  particle. 

For  ordinary  regime  of  firing  of  cermet 
resistors  according  to  this  criterion  optimum  of  the 
current  conducting  particles  based  on  SmEty 
dimension  must  be  3-5  ukm,  as  it  is  really 
confirmed  experimentally. 

For  resistor  based  on  noble  metals  with  very 
narrow  diffusion  zone  current  conducting  particles 
dimension  must  be  ten  time  smaller.  That  is  why 
better  cermet  resistors  based  on  noble  metals 
contain  current  conducting  particles  of 
sub-micrometre  dimensions  [21. 

However  it  is  necessary  to  notice  that  the 
smaller  current  conducting  particles  the  stronger 
the  influence  of  electrostafical  charge  effect  upon 
temperature  dependence  of  eloctroconductivity  [3], 
That  is  why  cermet  resistor  based  on  borides  of 
REE  surpass  by  its  working  characteristics  cermet 
resistor  based  on  noble  metals. 
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Possibility  of  development  of  physical  theory 
of  fracture  of  metals  and  alloys  based  on  a  concept 
of  the  crack  nucleus  (CN)  as  the  origin  of  brittle 
fracture  of  crystalline  solids  is  presented  in  this 
report.  It  is  shown  that  CN  arc  of  the  same  impor¬ 
tance  for  brittle  fracture  of  metals  as  dislocations 
for  plastic  deformation.  It  means  that  analysis  of 
the  CN  properties  gives  the  following  possibilities: 

•  to  study  main  regularities  of  microstructure, 
substructure  and  crystallographic  texture  effect 
on  the  level  of  brittle  strength  of  structural 
steels: 

•  to  formulate  ideas  on  physical  nature  of  brittle 
and  ductile  state  of  metal; 

•  to  explain  stress-strain  state  effect  on  the  value 
of  brittle  fracture  stress. 

It  is  shown  that  interrelation  between  the  CN 
length  and  grain  size  gives  rise  to  increase  in  brittle 
fracture  stress  with  grain  structure  refinement. 
Specific  feature  of  structural  steels  is  that  their 
fracture  is  controlled  by  the  CN  of  two  kinds: 

•  CN  that  fomi  by  dislocation  mechanism  and 
have  size -0.01  d,,  (d,,  is  grain  size); 

•  CN  which  arc  the  result  of  carbide  particle 
fracture  and  have  respective  size. 

In  such  case  the  level  of  brittle  strength  of  struc¬ 
tural  steel,  Rmc,  is  controlled  by  those  micro- 
structural  element  in  which  the  CN  of  maximum 
length  form.  It  results  in  existence  of  certain  criti¬ 
cal  relations  between  sizes  of  microstructural  ele¬ 
ments,  which  control  the  level  of  brittle  strength  of 
steel.  These  relations  are  key  condition  for  both 
optimisation  of  steel  structural  states  and  estima¬ 
tion  of  possibility  to  raise  steel  strength  and  tough¬ 
ness.  Physical  theory  of  influence  of  grain  inho¬ 
mogeneity  on  the  level  of  brittle  strength  of  metal 
is  given.  It  is  shown  that  decrease  in  brittle  fracture 
stress  at  growth  of  grain  sizes  variance  is  due  to 
CN  formation  in  grains  which  sizes  are  situated  in 
“tail  region"  of  distribution.  Relation  between  real 
grain  size  variance  and  Rv]r  level  is  ascertained. 
For  martensite  steels  ultimate  levels  of  brittle 
strength  are  estimated,  and  demands  to  grain 
structure  homogeneity  that  enables  to  reach  such 
RMC  levels  are  formulated. 

Theoretical  analysis  of  microstress  effect  on  the 
CN  unstable  equilibrium  is  earned  out.  It  is  shown 
that  solely  microstresses  acting  at  the  moment  and 


at  the  locus  of  crack  nucleation  affect  essentially 
the  CN.  Dislocations  of  the  same  sign  piled  near 
grain  boundaries  where  the  CN  usually  form  are 
the  origin  of  such  microstresses.  Influence  of  these 
microstrcsscs  gives  rise  to  decrease  in  the  value  of 
macroscopic  stress  required  for  the  CN  unstable 
equilibrium.  This  effect  is  the  cause  for  existence 
of  decreasing  branch  on  the  curve  “brittle  fracture 
stress  vs.  strain”  for  metals  and  alloys.  This  branch 
has  minimum  which  determines  the  value  of  brittle 
strength  of  metal  R  vir.  Critical  value  of  residual 
strain,  ec ,  corresponds  to  it  (for  iron  and  carbon 
steels  ec,  -0.02-0. 08). 

Physical  nature  of  influence  of  great  pre-strain 
on  the  level  of  brittle  strength  of  metal  and  its  ani¬ 
sotropy  is  considered.  It  is  shown  that  crystallo¬ 
graphic  determinancy  of  orientational  distribution 
of  CN  opening  planes  is  the  cause  for  this  effect. 
Estimations  of  the  maximum  value  of  brittle 
strength  anisotropy  arc  obtained  for  rolling  and 
drawing  textures  in  iron. 

The  CN  are  sensitive  to  stresses  normal  to  their 
opening  plane.  As  a  result,  critical  stress  of  the  CN 
unstable  equilibrium  depends  on  its  orientation  and 
stress  state.  It  permits  both  to  explain  physical  na¬ 
ture  of  the  well-known  in  mechanics  effect  of  fall 
in  the  value  of  brittle  fracture  stress  of  metal  at 
transition  from  uniaxial  to  bi-  or  triaxial  tension 
and  to  give  its  quantitative  description. 

In  conclusion,  theoretical  ideas  on  ductile  and 
brittle  state  of  metal  are  formulated.  It  is  shown 
that  ductile  or  brittle  state  of  metal  is  predeter¬ 
mined  by  degree  of  stability  in  the  CN  ensemble. 
Metal  is  ductile  if  at  the  moment  of  CN  formation 
the  level  of  tensile  stresses  acting  in  metal  is  not 
enough  for  the  CN  unstable  equilibrium.  Metal 
may  deform  plastically  without  danger  of  brittle 
fracture  at  such  state  in  the  CN  ensemble.  Other¬ 
wise,  metal  is  brittle.  Such  approach  has  allowed  to 
establish  comprehensive  characteristic  for  descrip¬ 
tion  of  the  effect  of  both  structure  and  loading 
conditions  on  metal  state.  On  this  basis  new  com¬ 
prehensive  quantitative  characteristic  of  toughness 
that  includes  macroscopic  properties  of  metal  as 
well  as  conditions  of  metal  loading  is  formulated 
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Usually  at  designing  of  engineering  products  from 
any  materials  four  basic  moments  are  emphasized: 
development  of  materials,  their  estimation,  de¬ 
signing  of  product  and  prediction  of  its  fracture.  It 
is  obviously,  that  in  number  of  cases  this  scheme 
should  be  supplemented  with  various  tests  of  mate¬ 
rials,  and  then  of  products  (control-technological, 
hand-over  tests,  regulation  during  operation  etc.). 
The  basic  task  of  these  tests  is  estimation  of  a  real 
level  of  strength  reliability  and  resource. 

It  is  obviously,  that  it  is  necessary  to  aspire  to  con¬ 
sideration  of  strength  aspects  of  the  material  be¬ 
haviour  at  all  stages  of  its  life  cycle  within  the 
bounds  of  uniform  methodology.  The  difficulties 
of  creation  of  uniform  methodology  are  connected 
with  several  reasons  -  variety  of  materials,  variety 
of  mechanisms  of  deformation  and  fracture  and 
such  features  of  real  materials,  as  dispersion  of 
properties,  presence  of  various  technological  and 
operational  defects,  change  of  material  properties 
onstream  etc.  [1]. 

One  of  possible  approaches  to  decision  of  this 
problem  was  creation  of  special  design-experi¬ 
ment  method  (DEM)  [2],  This  method  is  realized 
within  the  bounds  of  traditional  mode!  of  strength 
reliability,  but  the  realization  of  model  essentially 
differs  from  traditional  approaches  and  represents 
imitating  computer  modeling  per  se. 

It  is  known,  that  the  model  of  strength  reliability 
consists  of  four  particular  models  -  model  of  mate¬ 
rial,  model  of  form,  model  of  loading  and  model  of 
fracture. 

We  shall  consider  briefly  the  basic  moments  of 
DEM  realization. 

Model  of  a  material.  The  existing  models  of  a  ma¬ 
terial  can  be  divided  on  physical,  engineering- 
physical  and  engineering  (model  of  continuum). 
Namely  the  engineering  models  are  used  in  tradi¬ 
tional  strength  analysis  most  often.  However  real 
constructional  materials  are  characterized  by 
structural  and  (or)  mechanical  heterogeneity  first 
of  all.  Heterogeneity  of  defonnation  and  fracture  is 


characteristic  even,  for  example,  for  single-phase 
materials.  Therefore  creation  of  adequate  model  of 
material  in  DEM  is  one  of  the  main  tasks.  In  DEM 
the  model  of  material  represents  an  array  of  struc¬ 
tural  elements,  to  each  of  which  the  value  of  its 
limiting  mechanical  properties  (deformability, 
strength  etc.)  is  set  depending  on  statement  of  task. 
This  array  represents  one  "layer"  of  material.  De¬ 
pending  on  type  of  material  and  product  the  final 
model  of  material  represents  a  certain  set  of  arrays. 

The  models  of  the  form  and  loading  are  almost 
traditional.  Based  on  them  the  "step  of  loading", 
and  also  "the  value  of  a  step"  are  defined. 

The  model  of  fracture  represents  imitating  devel¬ 
opment  of  process  of  deformation  and  fracture.  We 
shall  illustrate  it  briefly. 

Let  three  neighboring  structural  elements  (Fig.  1) 
have  deformation  of  fracture  1,0  %,  2,0  %  and 
3,0  %. 


a)  b)  c)  d) 
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Fig.  1 .  The  schematic  sketch  of  development  of 
fracture  process 

Let  value  of  "step  of  loading"  is  0,5  %.  We  make 
first  step.  At  that  the  resource  of  deformability  of 
each  structural  element  is  exhausted  on  this  value. 
Already  after  second  "step  of  loading"  the  middle 
element  has  exhausted  the  resource  of  deformabil¬ 
ity  and  has  fractured.  It  is  natural,  that  because  of 
stress  and  deformation  concentration  in  its  tops  the 
arisen  crack  will  lower  residual  deformability  of  1  - 
st  and  3-rd  elements  on  certain  value  ex.  If  value  sx 
is  more  than  1  %,  1-st  element  will  be  fractured 
also,  the  crack  length  will  increase  etc.  According 
to  such  scheme  the  "loading"  of  computer  model  of 
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a  material  is  continuing  until  its  complete  fracture 
will  not  come  and  then  the  strength  characteristics 
of  material  will  be  defined.  Definition  of  value  a, 
is  made  depending  on  tasks  of  modeling  by  means 
of  power  or  energy  approach. 

I  he  various  examples  of  method  realization  are 
considered  in  this  work.  Here  arc  given  only  some 
of  them. 

1.  An  estimation  of  strength  at  the  material 
designing  we  shall  consider  on  example  of  com¬ 
posite  aluminium  -  boron.  Array  size  -  300x300. 
Characteristics  of  fibres:  module  of  elasticity  -  400 
GPa,  diameter  of  a  fibres  -  100  p.  fibre  vo-lumc  - 
50  %.  distribution  of  limiting  deformations  -  ac¬ 
cording  to  the  normal  law  with  a  maximum  at  0,9 
%  of  deformation:  a  matrix:  module  of  elasticity  - 
70  GPa,  module  of  normal  plasticity  -  1,4  GPa, 
distribution  of  limiting  deformations  --  according  to 
norma!  law  with  a  maximum  at  20  %  of  deforma¬ 
tion.  Loading  -  uniaxial  tension.  Step  of  deforma¬ 
tion  in  fibre  direction  -  0.05  %.  For  realization  of 
Iracture  model  the  energy  approach  is  used.  The 
diagram  of  deformation  in  line  with  the  reference 
data  is  given  in  Fig.  2. 

2.  Designing  of  product  and  analysis  of  ways 
of  increasing  of  its  strength  are  considered  on  an 
example  of  cylindrical  shells  with  the  bottoms 
from  glass  firer-epoxy  composite.  The  shells  con¬ 
sisting  of  12  layers  (6  ring  and  6  spiral)  were 
loaded  with  internal  pressure.  The  registration  of 
Iracture  process  at  the  loading  was  earned  out  by  a 
method  of  acoustic  emission  (AE).  The  researches 
have  shown,  that  the  early  formation  of  cracks  in 
parallel  to  fibres  in  ring  and  spiral  layers  is  char¬ 
acteristic  for  such  shells.  The  modeling  was  carried 
out  on  the  basis  of  AF  parameters  using.  After  de¬ 
bugging  of  modeling  method  the  designing  new 
shells  has  been  carried  out  on  the  basis  of  results  of 
test  of  the  reference  specimens  using  AE  method 
also.  I  he  results  of  designing  have  shown,  that  the 
method  can  be  used  as  well  for  research  of  influ¬ 
ence  of  initial  properties  of  components  on 
strength.  For  example,  the  increase  of  matrix  de- 
formability  results  in  disappearance  of  early  frac¬ 
tures  between  fibres  and  increase  of  strength  [2], 

3.  Estimation  of  strength  reliability  of  mate¬ 
rial  with  operational  defects  (Fig.  3).  Material  - 
pipe  steel.  Types  of  damages  -  corrosion,  cracks, 
"aging"  (reduction  of  material  fracture  deforma¬ 
tion).  Model  of  material  -  at  thickness  of  pipe  of  10 
mm  and  at  grain  size  of  steel  of  0,1  mm  it  is  expe¬ 
diently  "to  create"  a  model  consisting  of  100  lay¬ 
ers.  Distribution  of  limiting  deformations  -  ac¬ 
cording  to  the  normal  law  with  a  maximum  at  30% 


of  deformation.  Loading  step  —  1,0  %,  approach  to 
pressure  redistribution  -  power. 

o,  GPa 


Fig.  2.  Diagram  of  deformation 
of  composite  aluminium-boron. 

P,i 


Fig.  3.  Change  of  bearing  strength  of 
pipeline  clement  (Prc!)  with  surface 
crack  (lrci)  at  various  macrodeform- 
ability  of  steel: 

1  -  e  =  1 2  %,  2  -  c  =  24  %. 
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The  review  of  the  literature  shows,  that  the 
majority  of  publications  in  the  field  of 
development  of  new  materials  is  devoted  to  an 
experimental  research  of  those  or  other 
mechanical  characteristics  in  connection  with 
technological  parameters  of  their  reception  and, 
at  the  best,  with  their  structure.  Only  small  part 
of  works  is  directed  on  construction  of 
structure-property  models  of  a  material.  In  this 
connection  the  problem  of  construction  of  the 
above-stated  models  is  actual. 

Models  of  mechanical  properties  can  be 
divided  on  mechanical  and  physical. 

The  former  are  based  on  postulates  of  the 
mechanics  of  a  deformable  solid  body  on  the 
homogeneous  continuous  medium,  its 
indissolubility,  linear  or  more  complex 
dependence  between  stress  and  deformation  in 
an  allocated  element  of  volume.  In  a  result  the 
mechanical  approach  gives  the  equation  of  a 
mix  for  a  structural  -  non-uniform  or  composite 
material 

GK  -  0([)  V  (j,  +  gm  V  M  (1) 

where  ok  -  strength  of  a  composition,  and  aM 
-  strength  of  a  phase  and  matrix  components. 
V,|,  and  VM  -  reletive  volume  fractions  of  the 
appropriate  phases.  If  to  enter  into  (1)  such 
concepts  frequently  discussed  in  experimental 
researches  as  boundary  between  phases  or 
intermediate  layer,  its  strength  and  thickness, 
and  also  residual  stress  which  operate  mainly  in 
it,  researched  dependence  becomes 
complicated.  For  example,  with  reference  to 
materials  of  layered  structure  (microlayer)  in 
work  [1]  the  equation  of  a  mix  is  offered  as 

g.)K  (N)  =  Gi  (N)  (hj-  2hnci)/(h!  +  h2)  + 
[Gnci  (N)  +  goct]  2hnCi/(hi  +  h2)  +  cr2  (N)  (h,  - 
2hnc2)/(hi  +  h2)  +  [c>nc2  (N)  -  goct]  hro/Oh  + 
h2),  (2) 


where  g_ik  (N)-  cyclic  (in  particular)  strength  of 
a  composition,  gj  (N)  and  g2  (N)  -  cyclic 
strength  of  its  components,  hi  and  h2  - 
thickness  of  components,  hnci  and  hnc2  - 
thickness  of  intermediate  layers  in  component, 
Gnci  (N),  Gnc2  (N),  GnC2  (N)  -  cyclic  strength 
of  intermediate  layers  and  residual  stress  of  the 
second  sort  (in  components).  To  calculate 
strength  of  a  composition  in  this  case  it  is 
inconvenient,  as  all  values  included  in  more 
complexmodel  are  not  known. 

Physical  models  of  strength  are  based  on 
positions  of  a  science  about  dislocations  or 
physics  of  a  solid  body.  It  first  of  all  models  of 
the  Hall  -  Petch  [2,3]  for  a  yield  strength,  the 
Mott-  Stroh  [4]  and  Grednev  with  co-authors 
[5]  for  ultimate  strength,  and  also  for  fatigue 
strength  [6] 

GK  =  Gi+  Ki  A'l/2,  (3) 

where  Gj  and  Kj  -  factors,  A  -  the  generalized 
parameter  of  structure  which  can  become 
medium-sized  grain  D  or  a  dislocation  cell  d 
in  polycrystalline,  an  average  free  way  between 
particles  A  in  dispertion-strengthened, 
thickness  of  a  layer  h  in  layered  materials. 
Within  the  framework  of  these  models  this  or 
that  parameter  of  structure  and  strength  of  a 
structural  -  non-uniform  material,  settlement 
value  of  the  second  or  experimental  value  of 
the  first  factor  (3)  are  usually  known,  and  the 
problem  is  reduced  to  definition  of  this  or  that 
unknown  value. 

It  is  obvious,  that  the  joint  decision  of  the 
equations  (1)  -  (3)  allows  to  understand 
mechanisms  of  destruction  of  structural  -  non- 
uniform  materials  more  deeply  to  determine 
strength  of  separate  components  of  a 
composition  and  to  reveal  thus  its  weak  places. 

The  given  method  was  applied  for  research 
of  mechanical  properties  of  microlayer 
condensed  materials  Fe/Cu,  Cr/Cu,  Mo/Cu  ,  Cu 
(Y)/Mo,  and  also  dispertion-strengthened 
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materials  Cu-Mo,  CuAI-Mo,  Cu-NbC  [7], 
NiCr-ALCfi.  Thus  experimental  dependences  <j_ 
i,  aB,  cto,2,  5,  s.)  as  functions  D,  h,  A  are 
obtained,  and  also  micromechanical  models  of 
local  strength  that  has  allowed  to  obtain  a 
number  of  new  results  are  constructed.  In 
particular,  it  was  possible  to  explain  within  the 
framework  of  quantitative  model  negative 
values  of  the  first  factor  of  the  equation  such  as 
Mott-Stroh  for  a  limit  of  endurance  in  system 
Mo/Cu  and  to  predict  initial  destruction  on  an 
interphase  surface,  and  also  to  assess  thickness 
and  strength  of  an  intermediate  layer  on  border 
of  the  unit  of  phases  and  residual  stress  in  it. 

Another  application  of  the  given  method  is 
proposed  for  sintered  materials  of  a  different 
nature  and  according  to  various  structure. 
Modelling  structure  sintered  higt-porosity 
materials  on  the  basis  of  discrete  fibres  (such  as 
felt)  and  cell-porous  materials  and  expecting 
their  elastic  deformation  it  was  possible  to 
obtain  analytical  dependences  of  the  module  of 
elasticity  [8],  deformations  and  fatigue  strength 
of  researched  materials  from  properties  of  a 
firm  phase,  parameters  of  structure  and 
porosity.  In  the  practical  plan  it  allows  to  reveal 
weak  places  higt-porosity  materials  and  to  offer 
measures  for  their  strengthening. 
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I.  FUNDAMENTAL  PROBLEMS  OF  MATERIALS  SCIENCE 


RESIDUAL  STRESSES  AND  PROBLEMS  OF  STRENGTH  OF  THE 
AXIALLY  SYMMETRIC  METAL  ARTICLES 

Kolmogorov  G.L.,  Kuznetsov  a  E.V.,  Kovalev  A.E. 

Perm  State  Technical  University,  Perm,  Russia 


Introduction 

Technological  residual  stresses  define  the  quality 
and  operating  characteristics  of  metal  production 
During  the  process  of  production  of  axially  sym¬ 
metric  articles  by  means  of  plastic  deformation 
under  the  action  of  residual  stresses  the  scheme  of 
flat  elastic  deformed  state  is  realized  in  the  articles. 
One  of  the  typical  characteristics  of  such  scheme  is 
the  absence  of  axial  deformations  (s2=0 ). 

Definition  of  residual  stresses 
Solving  the  flat  problem  of  the  elasticity  theory 
with  regard  for  boundary  conditions,  the  compo¬ 
nents  of  residual  stresses  tensors  may  be  written  in 
the  following  fonn  for  pipes  [1] 

o,.  =-a0(Rl  - r)(r-R2 ), 

g0  =+a0[(r-R])(r-R2)  +  r(2r-Rl  -/?2)],[(1) 
a7j  =  aQ[i[2(r  -  R\)(r  -  R2)  +  r(2r  -  R\  -R2). 

where  Gr,<jQ,oz  -  are  radial,  peripheral  and  axial 
residual  stresses  respectively,  r  -  is  a  current  radius 
of  article,  aQ  -  is  an  unknown  constant,  charac¬ 
terizing  distribution  of  residual  stresses  along  the 
thickness  of  the  pipe;  R]  and  R2  -  are  external 
and  internal  radiuses  of  the  pipe  respectively,  p  - 
is  a  Poisson  coefficient; 

Knowing  the  tensor  of  residual  stresses  o;y  in  the 

wire  and  pipe  stocks,  it  is  possible  to  define  poten¬ 
tial  energy  of  elastic  deformation  in  the  volume  of 
wire  and  pipe  stocks  respectively  from  actions  of 
residual  elastic  stresses. 

For  the  known  components  of  the  stresses  tensor 
Cjj  it  is  possible  to  find  the  components  of  tensor 

of  relative  elastic  deformations  s Jy  by  means  of 
the  generalized  Flook  law  and  to  calculate  the  po¬ 
tential  energy  of  residual  stresses,  corresponding  to 
the  initial  strained  state 

u  =  \\°ijzij  dV  ’ 

1  V 

where  F-isa  stock  volume. 


After  substitution  of  tensors  of  stresses  and  defor¬ 
mations  into  the  expression  (2)  and  after  integra¬ 
tion  along  the  unit  length  and  transformation  we 
shall  obtain  expressions  for  potential  energy  in  the 
pipe  stock 

u  =^(i-p2)(i-;?2)s;?f,  (3) 

p  60£  v  ' v  r  1 

where 

B  =l(l  +  R4)+22R2  -\8r(\  +  R2);  R=R2/R} . 

All  existing  methods  of  the  residual  stresses  defi¬ 
nition  have  experimental  character  in  the  whole, 
they  are  not  universal  and  their  application  leads 
very  often  to  the  significant  errors.  In  the  work  [1] 
the  engineering  method  of  definition  of  techno¬ 
logical  residual  stresses  under  the  plastic  deforma¬ 
tion  of  axial  symmetric  articles  on  the  basis  of  en¬ 
ergetic  approach,  containing  the  fact  that  potential 
energy  of  elastic  residual  stresses  is  considered  as  a 
part  of  energy  required  for  plastic  defonnation,  is 
suggested 

U  =  WUd,  (4) 

where  U d  -  is  the  energy  of  plastic  deformation; 
\\i  -  is  a  parameter,  defining  the  part  of  plastic  de¬ 
fonnation  energy,  required  for  formation  of  resid¬ 
ual  stresses. 

The  energy  of  plastic  deformation  has  the  follow¬ 
ing  form  for  the  pipe  of  a  unit  length: 

Up  =%{R\-Rlf\asdz  (5) 

0 

where  os-  is  a  resistance  to  deformation  of  the 
processed  material;  sav-  is  an  average  degree  of 
deformation  along  the  stock’s  cross-section; 

Degree  of  deformation,  included  in  the  given  rela¬ 
tions,  has  a  large  value  under  the  technological 
calculations.  It  necessary  to  know  the  degree  of 
deformation  in  order  to  make  justified  choice  of 
the  main  technological  parameters  of  concrete  pro¬ 
cesses  of  metals  processing  by  pressure. 
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In  accordance  with  the  method,  suggested  in  the 
work  [2]  it  is  possible  to  write  down  the  expres¬ 
sions  for  definition  of  deformation  degree  in  the 
pipe 


e£,  =  2  Ln  D()  I  D\  + 


4*g 

3/3(\ -a2 


(6) 


where  D{)  and  D\  arc  pipe  external  parameters 
before  and  after  deformation,  a  =  R’{)  /  R() ,  R'Q  and 
Rq  -  internal  and  external  radiuses  of  pipe  before 

deformation,  a  „  -  is  a  slope  angle  of  the  generator 
of  conic  instrument  to  the  axis  of  a  stock. 


It  is  known  that  degree  of  deformation  influences 
the  resistance  of  construction  materials  to  the  de¬ 
formation.  For  the  majority  of  metals  this  depend¬ 
ence  has  the  following  form: 


a,-  =-~^(or  -  g0 )2  f(a,.  -c,)2+(a0  -0..)2.  (9) 

Radial  stresses  for  the  internal  and  external  pipe 
surfaces  -  are  zero.  Having  substituted  expressions 
(3)  into  formula  (21)  we  define  the  intensity  of  re¬ 
sidual  stresses  for  the  internal  (r  =  R1 ) : 

a,  =  a0  Ri  (R]  -  R2  )J\-  p  +  p2  ,  (1 0) 

and  external  surfaces  of  a  pipe  stock  (r  -  R{ ) : 

°/  =  <*0*1  (/?i  — /?2  +  /■  (1]) 

Jn  this  connection  evaluation  of  danger  of  the  stock 
fracture  because  of  residual  stresses  in  accordance 
with  the  strength  criterion  of  the  specific  energy  of 
form  measuring 


cis 


+  DIE 


(7) 


where  a  Vf|  -  is  the  initial  resistance  of  metal  to 

deformation:  ni,  n  -  are  the  empirical  coefficients, 
characterizing  deformation  strengthening. 

With  regard  for  the  degree  of  plastic  deformation 
and  deformation  strengthening  of  the  stock  mate¬ 
rial  we  shall  obtain  the  expressions  for  definition 
of  unknown  parameters,  characterizing  the  value  of 
residual  stresses: 


2^-ov 

"0  = — —  v 
R\ 


15s£v  [l  +  ^s/;v"/(//  rl)j 


(8) 


where  vj /  = 
rameter. 


f  r  V/2 
viE 


V^-uV 


is  a  dimensionless  pa 


0,-0,.  (12) 

In  some  cases  it  was  established  that  cH  =  a,  (oB 
--  is  a  strength  limit  on  tension). 

Thus,  using  the  above-mentioned  method  of  cal¬ 
culation  of  technological  residual  stresses  it  is  pos¬ 
sible  to  define  the  limiting  modes  of  plastic  defor¬ 
mation  of  axially  symmetric  articles  by  the  condi¬ 
tions  of  strength  security. 

Conclusion 

The  method  of  calculation  of  technological  resid¬ 
ual  stresses  in  axially  symmetrical  articles,  made 
by  plastic  deformation,  is  suggested.  Formulas  for 
definition  of  residual  stresses  in  the  rod  and  pipe 
stocks  have  been  obtained.  The  influence  of  turn¬ 
ing  of  axially  symmetrical  stocks  on  the  level  of 
potential  energy  of  residual  stresses  has  been 
shown.  The  influence  of  residual  stresses  on  the 
rods’  and  pipes’  strength  is  evaluated. 


By  means  of  the  formula  (8)  in  accordance  with 
the  known  parameters  of  the  plastic  deformation 
process  is  possible  to  calculate  postdeformation 
residual  technological  stresses  in  pie  (1)  articles. 

Evaluation  of  strength  of  the  axially  symmetric 
articles 

The  experience  of  constructions'  exploitation 
shows  that  residual  stresses  in  the  surface  layers  of 
a  stock  can  influence  the  strength  of  the  whole  de¬ 
tail  and  under  the  action  of  alternating  stresses  in 
particular.  The  intensity  of  stresses  can  be  defined 
in  case,  if  we  know  the  level  of  residual  stresses 
(1): 
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CHEMICAL  TREATMENT  OF  SEMICONDUCTOR  SURFACES  AT  THE 
BEGINNING  OF  THE  THIRD  MILLENIUM 

Tomashik  V.M.,  Tomashik  Z.F.,  Bilevych  Ye.O.,  Gumenyuk  O.R.,  Kusiak  N.Y.(1) 
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The  development  of  modem  semiconductor 
material  science  and  semiconductor  device 
manufacturing  is  tightly  connected  with  advance  in 
processing  and  preparing  of  semiconductor 
surfaces.  The  receiving  of  high  quality  surfaces  of 
semiconductor  materials,  which  have  perfect 
structure  and  geometry  and  homogeneous  chemical 
composition,  has  exceptional  importance  at  the 
manufacturing  of  semiconductor  devices.  Now 
these  problems  are  successfully  resolved  by  the 
chemical  wet  etching.  The  etchants  with  different 
etching  velocity,  surface  roughness,  degree  of 
surface  contaminations  with  etchant  components 
and  products  of  chemical  interaction  of 
semiconductor  with  etchant  and  some  other 
characteristics  are  worked  out  for  various  purpose. 

Chemical  etching,  based  on  the  chemical 
dissolution  processes,  is  one  of  the  main 
technological  operation  at  the  chemical  treatment 
of  semiconductor  single  crystals  and  thin  films 
which  widely  used  at  the  manufacturing  of 
different  semiconductor  devices,  apparatus  and 
integrated  circuit.  Knowledge  of  kinetic  behavior, 
mechanism  and  nature  of  semiconductor 
dissolution  are  the  most  important  condition  and 
measure  at  the  selection  of  corresponding  solution 
composition  for  polishing,  anisotropic  or  selective 
etching  and  chemical  cutting.  High  resolving 
power  of  some  etchants  allows  to  use  them  on  the 
different  phases  of  substrate  manufacturing,  but  for 
this,  it  is  necessary  to  develop  the  etchants  with 
corresponding  velocity  of  material  elimination, 
surface  roughness  and  some  other  parameters. 

The  miniaturization  of  integral  circuit  and 
semiconductor  devices  required  the  development 
of  new  etchant  composition  with  slow  etching  rate 
and  the  possibility  to  obtain  the  stoichiometric 
composition  of  surface  layers  for  different 
semiconductor  materials.  This  necessitates  the 
creation  of  new  etchants  for  different  purposes  at 
the  chemical  treatment  of  semiconductors. 

The  velocity  of  the  semiconductor  dissolution 
is  the  quantitative  characteristic  of  etching  process 
and  one  of  the  main  etchant  properties.  Therefore  it 
is  necessary  to  investigate  the  concentration 
dependence  of  semiconductors  dissolution  for  all 


etchant  compositions.  Such  dependencies  for  three 
component  etchants  can  be  represented  as  the 
surfaces  of  equal  etching  rate  or  Gibbs  diagrams. 

The  diagrams  “etching  rate  of  semiconductor 
(mp/min)  --  etchant  composition”  of  the  different 
systems,  using  nitric  acid,  hydrogen  dioxide, 
iodine  and  potassium  dichromate  as  a  oxidizing 
agent  were  constructed  by  us  with  the  help  of 
mathematical  planning  of  experiment.  Such 
diagrams  provide  the  possibility  of  comparison  of 
the  different  etchant  compositions  by  their  etching 
rates  and  selection  of  the  best  etchant  for  given 
semiconductor  compound. 

The  dependence  of  etching  rates  of 
semiconductors  on  etchant  compositions  of 
different  etching  systems  have  been  studied  in 
reproduced  hydrodynamic  conditions  using 
rotating  disk.  The  experiments  were  performed 
using  single-crystal  wafers  with  the  surface  area  of 
about  0.5  cm2  and  thickness  1 .5-2  mm,  which  were 
cut  from  ingots.  Prior  to  the  etching,  the  wafers 
were  mechanically  polished,  and  the  surface  layer 
of  50  to  80  pm  was  removed  with  etchant  of  the 
same  composition  as  that  subsequently  used  for 
studies  of  the  etching  process.  Etchants  were  made 
just  prior  to  use  from  high  purity  components.  The 
samples  were  attached  to  quartz  substrates  using 
pizzeine  and  then  mounted  in  a  holder  allowing 
measurements  in  the  rotating  disk  mode  (with  the 
rotation  rate  ranging  from  36  to  120  min  ').  After 
processing  the  samples  were  washed  off  with 
distilled  water. 

The  etching  rate  was  determined  by  the  wafer 
thickness  reduction  using  ICh-1  time  indicator 
(accuracy  of  measurements  was  0.5  pm).  Two  or 
three  samples  were  etched  simultaneously,  with 
difference  in  the  measured  thickness  not  exceeding 
5  %.  Before  etching  all  etchants  were  allowed  to 
stand  for  40-80  min  to  ascertainment  the 
equilibrium  in  the  chemical  reactions  which  can 
take  place  between  etchant  components.  The 
solutions  were  prepared  using  high-cleans  70  % 
HN03,  30  %  H202,  13  %  K2Cr207,  34  %  HC1,  40 
%  HBr,  55  %  HJ,  100  %  acetic,  27  %  tartaric,  20 
%  citric,  9  %  oxalic  and  40  %  lactic  acids,  100  % 
glycol  and  100  %  dimethylformamide. 
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Using  the  Gibbs  diagram  we  have  the 
possibility  to  study  the  dopant  influence  on  the 
etching  rate  also.  Comparing  the  Gibbs  diagram  for 
undoped  and  doped  material  one  can  be  concluded 
that  the  doping  of  semiconductors  can  strongly 
influence  on  the  etching  rate.  In  the  case  of  tin 
doped  InAs  the  doping  leads  to  decreasing  of  the 
etching  rate  in  all  investigated  solutions.  This  can 
be  explain  by  the  retarding  of  the  InAs  dissolution 
velocity  in  the  presence  of  tin  compounds,  which 
can  be  formed  at  the  chemical  etching  of  such 
material.  Doping  of  CdTc  by  Ge  leads  to  small 
increasing  of  the  etching  rate. 

The  Gibbs  diagrams  give  us  the  possibility  to 
determine  the  concentration  ranges  of  polishing 
solutions  in  each  investigated  system.  It  is  possible 
to  choose  the  etchant  composition  with  necessary 
polishing  rate  in  given  ternary  system  at  the 
comparing  of  these  two  types  Gibbs  diagrams  or  to 
reach  a  conclusion  about  impossibility  of  such 
etchant  composition.  In  the  last  case  it  is  necessary 
to  change  one  of  the  etchant  component  and  to 
investigate  a  new  ternary  system  to  obtain  the 
necessary  etchant  composition. 

The  Gibbs  diagrams  provide  also  the 
possibility  of  definition  of  the  mechanism  of 
semiconductor  interaction  with  etchant  at  the 
chemical  etching.  One  can  conclude  that  the 
dissolution  of  cadmium  tclluride  and  solid 
solutions  based  on  it  in  the  solutions  HNOrHCl- 
CHiCOOH.  HNOi-HHal-tatitaric  acid  and  some 
others  is  limited  by  the  interaction  of  tellurium, 
which  is  formed  on  the  surface,  with  etchant 
component,  if  we  compare  the  surfaces  of  equal 
etching  rates  (Gibbs  diagrams)  of  CdTe  and  Te  in 
such  solutions.  Such  conclusion  is  based  on  the 
similarity  of  the  obtained  surfaces  of  equal  etching 
rate  for  CdTe,  Zn,Cd,.xTe  and  CdxHg,.xTe  solid 
solutions  and  Te  in  the  investigated  etchant 
compositions. 

One  can  be  note  that  using  the  surfaces  of 
equal  etching  rates  (Gibbs  diagrams)  for  the 
interaction  of  solid  solutions  with  given  etchant  it 
is  possible  also  to  define  the  influence  of  solid 
solution  composition  on  the  mechanism  of  its 
dissolution. 

It  is  necessary  to  indicate  that  the  doping  of 
semiconductors  leads  not  only  to  changing  of 
etching  rate  but  to  changing  also  the  range  of 
polishing  solutions  in  each  investigated  system. 
Therefore,  at  the  chemical  treatment  of 
semiconductors  it  is  necessary  to  account  the 
nature  of  doping  element  and  to  develop  the 
polishing  etchant  compositions  for  different  dopant 
which  can  be  used  for  the  modification  of  the 


semiconducting  properties  of  given  semiconductor. 
The  formation  of  solid  solutions  based  on  given 
semiconductor  leads  also  to  the  modification  both 
etching  rate  and  range  of  polishing  composition  in 
each  investigated  system  but  these  modifications 
are  small  in  comparison  of  dopant  influence.  These 
can  be  explained  by  the  fact  that  mainly  the  similar 
compounds  that  have  similar  chemical  and 
physical  properties  form  the  solid  solutions  and  the 
different  chemical  elements  are  used  for 
semiconductor  dopings. 

However,  at  the  chemical  treatment  of 
semiconductor  surfaces  it  is  necessary  to  know  not 
only  the  etching  rate  but  the  surface  roughness, 
degree  of  surface  contamination  with  etchant 
components  and  reaction  products,  deviation  from 
stoichiometry  of  the  surface  layers  and  some  other 
characteristics.  Therefore,  the  concentration 
dependencies  for  all  these  parameters  must  be 
constructed  in  the  form  of  Gibbs  diagrams  also. 
One  can  chose  the  best  etchant  for  given 
semiconductor  if  we  shall  construct  such  diagrams 
and  compare  them  with  each  other.  The  plotting  of 
Gibbs  diagrams  at  the  chemical  etching  of 
semiconductor  compounds  is  the  scientific  basis 
for  preparation  of  the  best  etchant  composition  for 
given  technological  process.  It  is  necessary  to  note 
that  the  comparison  of  all  etchant  properties  can  be 
made  using  the  empirical  equations  for  each 
properly,  which  was  obtained  at  the  constructing  of 
corresponding  Gibbs  diagrams. 

Using  the  Gibbs  diagrams  the  three- 
components  etchants  with  different  etching 
velocity,  surface  roughness,  degree  of  surface 
contamination  with  etchant  components  and 
interaction  products  and  some  other  characteristics 
are  worked  out  for  the  chemical  treatment  of  InAs, 
InSb,  GaAs,  CdTe  and  solid  solutions  CdiJHgfTe 
and  ZnxCd|  .xTe,  The  liquid  solutions  of  the  HN03- 
HC1  (HBr,  HJ)-organic  acid.  ITCb-HBr-organic 
acid  and  KiCnCb-HBr-HCl  (organic  acid)  systems 
were  used  for  the  creation  of  different  etchant 
compositions  (we  used  the  oxalic,  acetic,  lactic, 
tartaric  and  citric  acids  as  the  organic  acids). 
Sometimes  a  part  of  organic  acid  was  changed  by 
glycol  of  dimethylformamide. 

The  proposed  method  for  developing  of 
etchant  compositions  can  be  successfully  used  for 
the  four-component  solutions  as  well  as  for  more 
complicated  system.  In  the  case  of  such  systems  it 
is  necessary  to  use  the  empirical  equations  that  are 
obtained  at  the  mathematical  planning  of 
experiments. 
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EQUILIBRIUM  DAMAGE  ACCUMULATION  PROCESSES, 
POSSIBILITIES  OF  INCREASE  OF  DEFORMATION  RESOURCES  AND 
MACROFAILURE  CONDITIONS  OF  COMPOSITE  MATERIALS 

Wildemann  V.E. 

Perm  State  Technical  University,  Perm,  Russia 


The  macroscopic  failure  of  composite 
materials  is  preceded  by  complex  multilevel 
processes  accompanied  by  accumulation  and 
localization  of  damaged  centers  and  formation  of  a 
failure  cluster.  Therefore,  the  study  of  these 
mechanisms  is  one  of  the  basic  problems  for  the 
mechanics  of  modem  composite  materials  used  in 
aerospace  engineering. 

A  formulation  of  a  quasi -static  problem  of  the 
mechanics  of  elastic-plastic  bodies  with  loss-of- 
strength  zones  and  boundary  conditions  of  contact 
type  is  given  which  enables  the  properties  of  the 
loading  system  to  be  taken  into  account  [1].  With 
certain  constraints  on  the  constitutive  relation  and 
using  a  condition  for  stability  of  the  softening 
process  in  a  local  zone,  theorems  are  proved  on  the 
uniqueness  of  the  solution  of  the  boundary-value 
problem  and  on  the  maximum  and  minimum  of  the 
functionals  when  the  kinematically  or  statically 
possible  and  actual  fields  coincide.  The 
corresponding  generalized  variational  principles 
are  given  [2],  The  possibility  of  stabilizing  the 
damage  accumulation  process  at  the  postcritical 
deformation  stage  due  to  loading  system  properties 
control  is  theoretically  proven. 

The  formation  of  a  theory  of  the  stable 
postcritical  defonnation  of  the  work-softening 
media  is  considered.  The  pseudo-plastic 
deformation  affected  by  structural  damage  of 
granular  composites  is  investigated  within  the 
framework  of  the  considered  two-level  structurally 
phenomenological  model  of  heterogeneous  media  . 

The  stable  evolution  of  the  interconnected 
processes  is  accompanied  by  stress  redistributions, 
partial  or  complete  unloading,  and  strain  or 
damage  localization  that  are  one  of  the  main  causes 
of  implementation  of  the  postcritical  defonnation 
stage  [3].  The  numerical  calculation  results  of 
inelastic  deformation  and  failure  of  the  periodic 
unidirectional  fiber-reinforced  composites  are 
presented  under  conditions  of  the  displacement- 
controlled  transverse  proportional  loading  mode 
[4],  The  main  mechanisms  of  the  work-softening 
behavior  for  the  indicated  type  of  materials  are 
described  in  the  macro-homogeneous  stress-strain 
states.  Macroscopically,  the  failure  of 


heterogeneous  media  as  a  result  of  postcritical 
defonnation  and  the  loss  of  stability  of  damage 
accumulation  depends  on  the  stiffness  of  the 
loading  system.  When  a  deformable  body  is  fixed 
on  the  closed  surface  with  sufficiently  but  not 
infinitely  large  coefficients  of  stiffness,  it  is 
possible  to  observe  the  equilibrium  development  of 
the  localized  volumes  of  work-softening  and 
damage. 

The  constitutive  equations  for  the  work- 
softening  isotropic,  transverse  isotropic,  and 
orthotropic  media  are  presented.  The  effect  of  the 
loading  system  on  the  stability  of  deformation, 
damage  accumulation,  and  failure  under  monotone 
and  nonmonotone  triaxial  loading  was  studied.  The 
growth  of  failure  strains  with  increase  in  stiffness 
of  the  loading  system  and  unequal  resistance  of 
heterogeneous  body  are  registered  and 
investigated.  A  preventive  unloading  method  is 
offered  for  the  mathematical  modeling  of  the 
damage  accumulation  during  the  testing  of  the 
materials  on  the  servo-controlled  systems. 

The  displacement-controlled  mode  is 
simulated  by  a  series  of  soft  loading  and  unloading 
cycles.  The  detected  phenomenon  of  failure  where 
the  unloading  leads  to  stress-strain  diagrams  with  a 
negative  slope  of  the  descending  branch  was  not 
found  either  in  the  displacement  or  stress- 
controlled  monotone  loading  mode. 

Realization  of  the  postcritical  deformation 
stage  leads  to  an  employment  of  the  stored  load¬ 
carrying  capacity  that  can  be  used  for  optimum 
design  of  structures  and  special  materials.  For 
estimating  the  stability  of  growth  of  the 
equilibrium  damage  in  the  postcritical  stage,  a 
relation  between  the  energy  spend  (a  sum  of  the 
elastic  strain  energy  increment  and  the  work  of 
fracture)  and  supplied  energy  (the  work  of  external 
forces)  should  be  considered  at  a  fictitious  small 
increment  of  the  strain.  Stability  conditions  of  the 
postcritical  defonnation  of  the  components  of 
granulated,  laminated  and  fibrous  composites  are 
given  with  setting  limitation  to  the  relations  of  the 
stiffness  response  and  parameters  of  the 
descending  line  of  the  diagram  [4,  5]. 
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Fig.  1 .  The  finite  element  model  of  the 
unidirectional  fiber-reinforced  composite 


Fig.  2.  The  model  of  the  granular  composite 
with  damage  zones 

ofi.  777a 


Fig.  3.  Calculated  macrostress-macrostrain 
diagrams  of  granular  composites  with  pores 
and  rigid  inserts 


Ensurement  of  realization  of  the  postcritical 
deformation  conditions  employs  an  additional 
load-carrying  capacity,  as  well  as  extends  the 
durability  of  structures  to  resist  external  loads  at 
the  stage  of  formation  and  development  of 
macrocracks. 

New  experimental  data  concerning  quasistatic 
deformation  of  the  orthotropic  fibrous  copper 
composite  materials  on  postcritical  stages  after 
preliminary  cyclic  loading  are  analyzed. 

Possibility  of  practical  use  of  the  obtained 
results  —  optimal  choice  of  structural  parameters 
of  new  materials  and  structures  with  the  purpose  of 
increase  of  defonnation  resources  [6],  carrying 
capacity  and  survivability  on  the  basis  of  providing 
the  conditions  of  stability  of  dissipative  processes 
necessary  for  accommodating  of  materials  to 
requirements  of  their  usage. 

The  work  was  supported  by  Grant  of  the 
President  of  the  Russian  Federation  00-15-99264 
and  Grant  of  the  Russian  Foundation  for  Basic 
Research  RFBR-Ural  01-01-96479. 
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Research  of  value  of  an  overcooling  of 
liquid  iron  except  for  one  activity  [1],  do  not  find 
out  while  unified  regularity.  Is  convincingly 
rotined  [2],  that  the  crystallization  descends  on 
walls  of  a  steel  mold,  the  roughness  by  which  one 
always  exceeds  the  critical  size  of  a  crystallization 
centre,  and  nevertheless  the  observed  values  of 
overcooling  of  iron  make  300-500°C  [3].  In 
quoted  activity  [1]  the  overcooling  in  300°C,  fig.l, 
was  watched  at  exposure  of  a  melt,  in  so-called 
area  of  molecular-polymorphic  transformation  of 
an  iron  melt  1 600-1 650°C  (8liq— >ynq). 


Fig.l 


Feature  of  observed  process  is  that 
increase  of  temperature  of  exposure  of  a  melt 
above  >1680°C,  at  preservation  of  conditions  of 
experiment,  results  not  in  apparent  preservation, 
or  increase  of  an  overcooling,  but  to  a  boomerang 
effect  (descending  branch  of  a  curve  of  a  fig.l). 
The  variation  by  a  cooling  rate  of  a  melt  in  an 
interval  0,75-6,7  K/s  does  not  result  in  essential 
changes  of  value  of  an  overcooling,  fig.2.  How  it 
is  visible  from  pieces  of  thermograms,  at  the  melt 
temperature  1560°C  (curve  1),  the  solidification 
descends  with  overcooling  ~70°C,  and  8— >y 
transformation  -  with  a  overcooling  ~140°C. 


Fig.2  1  and  2-  0,75  K/s,  3  -  6,7  K/s 

At  research  of  the  nature  of  a  chemical 
and  structural  microinhomogeneity  of  medium- 
carbon  steels  [4]  the  data  about  modifying 
influencing  of  dopes  of  molten  ferrite  on  a 
constitution  of  an  ingot  and  on  increase  of  a 
plasticity  cast  and  rolled  thermo-hardened  metal 
are  obtained.  In  the  given  report  the  outcomes  of 
researches  about  influencing  a  melt  of  ferrite  on 
conditions  of  a  solidification  and  on  a  constitution 
of  an  ingot  high-clean  are  resulted. 

For  activity  the  carbonyl  refined  iron 
HMTY  1-884-70  with  carbon  content  0,003;  sulfur 
0,002;  Si,  Ni,  Cr,  Ni,  Mn  in  the  sum  no  more  than 
0,04  mas  %  was  used.  The  thermographing 
conducted  on  the  installation  of  a  hyperthermal 
differential  thermal  analysis  (HDTA)  with  the 
string  thermoelectric  couple  in  medium  of  helium. 
The  measurement  accuracy  makes  ±10°C  [1].  The 
value  of  a  hinge  fitting  makes  0,15  g  and  is  in 
alund  tumbler.  Weight  of  a  dope  -  5  mas  %  from 
weights  of  a  melt.  The  installation  (HDTA)  is 
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supplied  with  the  manipulator  and  allows  at  a 
selected  smelting  practice  to  dope  in  a  melt.  In  a 
fig.  3,  the  pieces  of  the  obtained  thermograms  are 
adduced. 


the  introducing  in  a  melt  of  a  liquating  dope.  From 
the  obtained  data  follows,  what  the  introducing 
liquating  of  ferrite  dope  in  overheated  up  to 
~1700°C  an  iron  melt  and  exposure  of  a  bosh  in 
the  field  of  temperature  1600°C  originates  8llCi— >yllCi 
transformation.  Hereinafter  this  pre-crystal  ization 
process  provides  more  equilibrium  conditions  how 
solidifications,  also  and  8— >y  transformation. 

From  reduced  outcomes  follows,  that  the 
solidification  descends  on  the  gear  of  ordering  of 
polyfragment  elements  which  are  generatrix 
composite  motive  of  a  constitution  of  a  melt  and 
components  the  basis  of  crystallization  centres. 


The  decreasing  of  a  cooling  rate  up  to 
0,25 K/s,  curve  1,  as  against  a  curve  1,  the  fig.  2, 
reduces  to  minimum  the  overcooling  of  a  melt  and 
5— transformaion.  From  confrontation  of  curves 
1  figures  2  and  3  follow,  that  the  main  relaxational 
processes  at  a  solidification  and  crystalline 
modification  of  iron  flows  past  during  >  10 
minutes.  The  curve  2,  fig.3,  corresponds  to  a 
descending  segment  of  relation,  fig.  1,  and  is 
obtained  at  the  same  cooling  rate  (0,75  K/s).  For 
analysis  of  influencing  of  molten  ferrite  in  a  melt, 
similar  to  curve  2,  the  fig.3,  is  entered  a  dope. 
Thereof  the  melt  temperature  is  lowered  up  to 
~1600nC,  curve  3,  and  at  this  temperature  the  bosh 
is  maintained  15  min.  This  time  has  enough  for  a 
full  melting  of  a  dope  and  "homogenization"  of  a 
melt.  On  a  curve  3,  fig.3,  this  method  is  indicated 
by  step.  Flow  it  is  visible  from  a  thermogram,  the 
beginning  of  a  crystallization  descends  at  1510°C, 
and  8— >y  transformation  descends  practically 
without  overcooling.  Apparently,  such  conditions 
of  a  solidification  should  be  attributed  to  ideal. 
Confrontation  of  macrostructures  20  -kg  castings 
of  iron,  fig. 4,  as  well  as  in  a  case  with  steel  [4], 
confirms  improvement  of  the  quality  of  metal  at 


Fig.4.  The  image  is  decrease  in  1,25  times 
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INTRODUCTION.  Theoretical  substantiation 
and  search  of  new  methods  of  manufacturing  P/M 
parts  are  caused  by  lacks  of  well  known  pressing 
and  sintering  main  of  which  are  high  porosity,  low 
accuracy  and  quality  of  a  part  surface  and  also 
insufficient  level  of  mechanical  properties.  In  this 
connection  a  number  of  new  technological 
methods  provide  high  density  products  of  the 
complex  shape  with  high  mechanical  properties, 
high  accuracy  and  low  roughness  of  a  surface. 
The  most  widely  used  method  of  pressing  and 
sintering  provides  density  of  iron  structural  parts 
up  to  6.8-7.0g/cm\  that  makes  85-90%  of 
theoretical  density.  Increased  density  of  powder 
parts  assumes  the  value  of  7.3g/cm3  or  93%  of 
theoretical  density  and  is  reached  by  various 
combinations  of  pressing  and  sintering.  Higher 
density  is  reached  essentially  by  other  methods, 
among  which  it  is  necessary  to  note  well  known 
double  pressing  -  double  sintering,  injection 
moulding,  cold  and  hot  forging.  Other  methods, 
such  as  high-temperature  sintering,  pressing  with 
lubricating  of  the  die  or  warm  compaction, 
quickly  develop  and  will  find  wide  application  in 
the  future.  Especially  fast  development  finds  a 
method  of  warm  compaction  of  metal  powders  for 
producing  high  density  structural  parts,  basically 
due  to  development  of  the  Swedish  firm  "Hoganas 
AB"  in  the  area  of  metal  powders  and  German 
film  "Dorst"  in  the  field  of  creation  specialized 
equipment  for  pressing  [1,2],  In  this  paper 
peculiarities  of  densification  of  iron  and  low 
alloyed  steel  powders  are  investigated  during 
warm  isothermal  compaction  of  green  blanks 
using  high  polymers  as  a  hard  lubricant. 

WARM  COMPACTION  OF  GREEN 
BLANKS.  Necessity  of  further  increase  of 
mechanical  properties,  service  life  and  reliability 
of  structural  parts  produced  by  methods  of  powder 
metallurgy,  urgently  demands  to  find  new  ways  of 
realization  of  potential  opportunities  of  warm 
compaction  to  increase  density.  One  of  the 
versions  of  wann  compaction  is  the  method  of 
warm  compaction  of  green  blanks  previously 
pressed  at  room  temperature. 


The  experiments  were  executed  on  annular 
samples  with  an  outside  diameter  of  30  mm, 
internal  diameter  of  20  mm  and  height  of  9.5  mm. 
Samples  were  made  of  powder  iron  and  powder 
low  alloyed  steel  with  4%Ni,  2%Cu,  l%Mo  with 
addition  of  pencil  graphite,  zinc  stearate  and 
polymer  with  the  total  contents  of  the  additives 
0.6  %  (mass).  Density  of  annular  samples  after 
cold  pressing  was  about  7.0g/cm3.  Warm 
compaction  of  green  samples  was  carried  out  at 
120°C  with  accuracy  of  measurement  to  1°C.  The 
results  have  shown,  that  density  after  pressing  at 
1 20°C  makes  7.6  ±  0.01g/cm3.  The  received 
density  is  0.2g/cm3  higher  in  comparison  with 
warm  compaction  of  a  metal  powder.The  results 
of  influence  of  the  total  contents  (S)  of  carbon, 
zinc  stearate  and  polymer  on  density  (y)  during 
warm  compaction  of  green  samples  show  that  the 
maximal  value  of  density  is  reached  at  S  =  0.6  %. 
It  is  necessary  to  note,  that  a  similar  result  we 
have  received  during  wann  compaction  of  metal 
powders. 

COMPUTER  MODELING  OF  WARM 
COMPACTION  OF  GREEN  BLANKS.  At  the 

background  of  theoretical  problem  of  powder 
densification  there  has  been  undertaken  an  attempt 
to  take  into  account  real  porous  structure  of  a 
sample.  The  representative  element  of  structure 
includes  a  system  of  particles  and  pores 
interacting  with  each  other.  Various  schemes  of 
structure  are  formed  with  four  particles  of  iron 
without  lubricant  material  between  particles  and 
with  it.  Rigid  bonding  of  particles  with  each  other 
simulates  densification  of  a  metal  powder  without 
lubricant  material  between  the  particles.  Ideal  slip 
of  particles  is  provided  in  the  scheme,  in  which 
the  powder  particles  are  divided  by  finite  elements 
allocated  properties  of  a  liquid  lubricant  material. 
The  intermediate  variant  includes  according  to  our 
estimation  approximately  30-40%  of  the  surface 
of  contacting  particles  simulating  introduction  in 
the  structure  of  iron  powder  or  low  alloyed  steel 
0. 5-1.0%  zinc  stearate.  Average  size  of  iron 
particles  is  about  100  micrometers.  The 
calculations  has  been  carried  out  using  elastic- 
plastic  reology,  the  iron  powder  with  known 
elastic  and  plastic  properties  is  chosen  as  a 
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modeling  material.  The  finite  elements  simulating 
lubricant  are  assumed  incompressible  with  Young 
modulus  equal  to  zero. 

The  calculations  of  the  typical  cells  under  external 
force  during  pressing  in  a  rigid  die  have  been 
carried  out  using  finite  element  method.  They 
have  confirmed  expediency  of  introduction  of  a 
lubricant  into  metal  powder  that  would  ensure 
ideal  slip  in  the  zone  of  contact  between  particles 
and  high  efficiency  of  den  si  fi  cation.  Wc  have 
investigated  plastic  flow  of  metal  particles  and 
formation  of  possible  destruction  zones  of  a 
material  with  a  lubricant  between  particles  of  a 
pressed  powder  and  compared  the  results  with 
similar  ones  calculated  without  a  lubricant.  It 
should  be  noted  that  in  both  cases  the  plastic  flow- 
does  not  cover  all  representative  volume  at  once 
and  in  the  beginning  is  located  in  certain  zones 
closed  to  the  corners  of  polygon  simulating  pore 
section  and  corners  of  the  representative  cell.  In 
the  absence  of  a  lubricant  the  effective  process  of 
pore  closing  begins  from  the  moment  when  areas 
of  deformation  localization  being  distributed  from 
concentrators  of  pressure  merge  and  block  space 
between  pore  and  lateral  borders  of  a 
representative  element.  The  distribution  of  area  of 
plastic  How  occurs  approximately  in  regular 
intervals  in  all  directions.  At  the  presence  of  a 
lubricant  the  border  undressed  between  particles 
becomes  the  area,  directing  in  distribution,  of 
plastic  flow  from  the  comers  inside  metal 
particles.  The  plastic  elements  "advance"  in  the 
direction  from  pore  to  lateral  borders  of  a 
representative  element,  being  gradually  ’ 
distributed  in  the  central  areas  of  particles.  It  is 
clear  that  presence  of  a  lubricant  provides 
effective  displacement  of  particles  that  results  in 
essential  increase  of  density.  In  the  present  work 
there  have  been  carried  out  calculations  of 
densification  curves  of  samples  from  pov'dcr  iron 
and  low  alloyed  steel  during  warm  compaction  of 
green  cylindrical  samples  with  diameter  of  10  mm 
and  height  of  16  mm  with  initial  relative  density 
of  87%.  As  the  result  of  calculation  dependences 
"pressure  -  density"  are  derived  during  pressing  in 
various  conditions  of  internal  friction  between 
particles. 


Pressure,  MPa 


Influence  of  pressure  on  density  of  powder  steel:  1 
-  numerical  experiment  (pressing  of  a  powder 
material  without  finite  elements  simulating 
lubricant  on  borders  between  particles):  2  - 
numerical  experiment  (pressing  of  a  powder 
material  with  a  lubricant  material  between 
panicles)  the  amount  of  elements  corresponds  to 
the  contents  of  zinc  stearate  0.5%:  3  -  numerical 
experiment  (warm  pressing  of  a  powder  material) 
the  borders  between  particles  are  filled  with  finite 
elements  simulating  lubricant:  4  -  full-scale 
experiment  of  warm  pressing  of  a  powder 
material  at  120  °C  and  contents  of  zinc  stearate 
0.5%. 

When  pressing  without  a  lubricant  (curve  1) 
density  of  a  powder  material  changes 
insignificantly  (0.1  -  0.2g/cm3)  despite  high 
pressure.  The  cold  pressing  of  powder  materials 
with  a  lubricant  (curve  2)  allows  to  produce 
samples  with  density  of  7.1  -  7.2g/cm3,  that 
exceeds  a  little  results  received  in  experiments. 
Warm  pressing  allow-s  to  get  density  of  7.4  - 
7.5g/cm3  in  numerical  experiment  (curve  3),  while 
in  full-scale  experiments  it  was  possible  to  make 
density  of  7.6  -  7.62g/cm3.  Divergence  of 
theoretical  and  experimental  results  has  made  5%, 
that  confirms  adequacy  to  the  chosen  theoretical 
model  of  warm  pressing  to  the  real  process. 
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Ti-Si  is  a  prospective  basic  system  for  high- 
temperature  materials  with  different  hardening 
mechanisms  (solid  solution,  ageing,  in-situ 
composites)  which  may  exist  singly  or  in 
combination.  Silicon  is  known  to  increase 
mechanical  characteristics  (thermal  stability, 
corrosion  and  creep  resistance  etc.)  of  both 
titanium,  and  Ti-Al  alloys.  Aluminum,  as  an 
active  a-stabilizer,  is  usually  added  to  titanium 
alloys  to  expand  the  interval  of  working 
temperatures  as  A1  essentially  increases  the 
a.<->3  transformation  temperature  of  titanium 
(from  882°C  in  the  pure  titanium  up  to  ~1500°C 
in  an  alloy  with  ~45  at.  %  Al).  It  is  known, 
meanwhile,  that  in  polymorphous  metals  the 
highest  working  temperature  occurs  near  the 
cc-o  (3-transformation . 

This  is  valid  for  single-phase  materials  with 
solid  solution  hardening  mechanism.  In  ageing 
alloys  and  in  in-situ  composites  multiple  phases 
(two,  as  a  rule)  coexist.  As  a  result,  a  number  of 
solid-state  transformations  in  addition  to  a<->(3 
might  occur.  In  this  case,  the  highest  working 
temperature  is  defined  by  the  lowest  solid-state 
transformation  temperature. 

Thus,  understanding  of  phase  relationships, 
especially  in  the  solid  state,  and  of  the 
temperatures  of  solid-state  transformations,  is 
absolutely  necessary  for  the  efficient 
thermomechanical  processing  of  materials. 

Many  alloying  elements  are  used  in  titanium 
alloys  to  improve  their  high- temperature  strength 
and  room-temperature  plasticity,  including  d- 
metals  (Sc,  Y,  Zr,  Hf,  V,  Nb,  Ta,  Mo,  W  etc.),p- 
elements  (Al,  Si,  Sn)  and  microadditions  of  /- 
metals  (La,  Ce,  Nd,  Dy).  Modem  alloys  are 
contain  up  to  8  elements. 

However,  extremely  scarce  infonnation  is 
available  on  phase  compositions  and  the 
temperatures  of  phase  transformations  in  these 
multicomponent  systems.  Moreover,  among  the 
possible  boundary  ternaries,  only  a  few  are 
studied  to  some  extent.  Available  data  are  often 


inconsistent  and  insufficient. 

Thus,  here  we  summarize  our  results  of  the 
last  ten-years  of  experimental  study  of  phase 
equilibria  in  multicomponent  Ti-Si-based  systems 
and  of  some  properties  of  individual  phases  and 
phase  constituents.  Information  is  considered 
according  to  the  following  scheme: 


Correlation  between  the  elements  of  phase 
diagrams,  details  of  the  crystal  structure  and 
properties  of  phases  is  discussed. 
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Titanium-boride  metal  matrix  composites  arc 
presently  under  conclusion  as  materials  for  high 
strength,  high  temperature  applications.  In  order  to 
realize  or  extend  their  full  potential,  the  high- 
temperature-capable  boride  reinforcement  should  be 
additively  introduced  into  advanced  titanium 
matrix,  with  the  both  constituents  being  in 
equilibrium.  The  creative  development  may  be 
conceivable  only  through  the  complex  systematic 
investigation  resulting  in  a  scientific  background, 
which  includes  phase  equilibrium  data  and  alloy 
composition-constitution-properties  relationships. 
The  present  report  is  a  part  of  such  complex 
investigations  and  deals  with  phase  equilibria  in  Ti 
comers  of  Ti-B-.V  and  Ti-AI-B-A'  systems,  where  X 
is  Zr,  V,  Nb,  Si,  Cie,  or  Sn. 

The  alloys  were  prepared  by  arc -melting  (cooling 
rates  about  I00°C/sec)  and  studied,  in  states  as-cast 
and  annealed  at  subsolidus  temperatures,  by  liaht 
optical  and  electron  scanning  microscopy  (LOM 
and  SEM),  electron  probe  microanalysis  (EPMA), 
and  X-ray  diffraction  (XRD)  technique.  Phase 
transformation  temperatures  were  determined  by 
DTA  and  pyrometry  measurements  after  Pirani  & 
Altcrthum  (melting  points). 

Basing  on  the  data  obtained,  phase  diagrams  in  the 
Ti  comers  of  the  ternary  Ti-Al(V,Nb,Ge,Sn,)-B  and 
quaternary  Ti-Al-Zr(V,Nb,Si,Ge,Sn)-B  systems 
were  constructed  in  melting  (crystallization) 
temperature  ranges,  i.c.  melting  behavior  of  alloys, 
a->P  transformation  temperatures,  partitions  of 
alloying  additives  (location  of  tie-lines  on  a  phase 
diagram).  The  systems  in  the  ranges  under 
investigation  arc  characterised  by  extensive  area  of 
eutectic  crystallisation  of  hcc  metal  and  boride 
(Ti B)  phases.  The  microslruclurc  of  the  two-phase 
(Ti)-f(TiR)  alloys  containing  7.5  at.%  B  is 
practically  eutectic,  i.e.  the  volume  content  of  the 
reinforcing  phase  in  the  ternary  and  quaternary 
eutectic  alloys  did  not  changes  practically.  The 
results  allow  to  restrict  the  ranges  of  two-phase  (Ti) 
+  (TiB)  fields  -  up  to  10-12  at.%  Al,  up  to  5-6  at.% 
Ge  or  Sn,  about  12  at.%  V  or  Nb  for  a+p  matrix, 
and  >20  at.%  V  or  Nb  for  p  matrix. 


'I  he  alloying  additives  arc  divided  into  2  groups:  p- 
elements  and  cl- metals.  The  titanium  boride  does 
not  practically  solve  /^-elements  Al,  Si,  Ge,  and  Sn. 
In  titanium-boron -/?-element(s)  systems  a  matrix 
composition  is  not  affected  by  adding  any  amount 
of  reinforcing  boride  TiB.  Partitions  of  V  and  Nb 
between  the  metal  and  boride  phases  are 
comparable.  In  the  latter,  any  alloying  addition 
causes  changes  of  the  both  phases’  compositions. 

Aluminium,  tin,  and  niobium  increase  the  melting 
points  of  the  ternary  (Ti)  +  (TiB  )  eutectic  alloys,  up 
to  invariant  equilibria:  Lc  <-->  (Ti.A!)  +  TiB  (taking 
place  at  ~1560°C),  Lc  <-»  (Ti,Sn)  +  TiB  (~1580°C), 
and  Lu  +  (NbB)  <->  (Ti,Nb)  +  (TiB)  (161 0°C).  In 
the  Ti-Ge(V)-B  systems  there  are  drops  of  melting 
points  for  the  (Ti)  +  (TiB)  eutectic,  up  to  invariant 
equilibria  L,.;  <~>  (Ti.Gc)  +  TiB  +  (Ti5Ge3)  at  1315°C 
and  I.t  <->  (Ti,V)  +  (TiB)  at  M430°C. 

Comparison  of  ternary  and  quaternary  phase 
diagrams  reveals  that  the  substitution  of  10  at.%  Ti 
by  Al  results  in  a  noticeable  influence  on  alloy 
properties,  increasing  the  a->P  transus 
temperatures  (by  ~100°C)  and  melting  points  (by  20 
to  50°C). 

Basing  on  obtained  phase  diagram  results,  a  special 
approach  was  developed  in  order  to  reveal  a  role  of 
either  matrix  and  boride  phases  in  deformation 
testing,  as  follows:  a  numbers  of  alloys  were 
prepared  within  a  certain  tie-line,  due  to  the  fact 
that  tie-lines  were  constructed.  In  the  case, 
hypocutectic  and  eutectic  alloys  were  obtained  with 
identical  compositions  of  matrix  and  boride  phases, 
as  well  as  the  alloy  of  matrix  composition  without 
boride. 
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Titanium  boride  TiR,  Nb,  and  A1  are  of  obvious  interest 
in  reinforcing  titanium  alloys.  Phase  equilibria  in  the  Ti- 
Nb-B  system  are  insufficiently  studied,  only  at  1400°C 
[1],  In  the  present  work  the  Ti-Nb-B  and  Ti-Al-Nb-B 
alloys  were  investigated  in  the  Ti  comer  at  melting 
(crystallization)  temperatures. 


The  alloys  were  prepared  by  arc -melting  (cooling  rates 
about  100°C/sec)  and  studied,  in  states  as-cast  and 
annealed  at  subsolidus  temperatures,  by  melting  point 
determination  (pyrometry  measurements  after  Pirani  & 
Alterthum  and  DTA),  light  optical  and  electron  scanning 
microscopy  (LOM  and  SEM),  electron  probe  (EPMA), 
and  X-ray  diffraction  (XRD)  analyses. 


(NbB) 


(Ti.Nb) 


Fig.  1:  The  Ti-Nb-B  melting  diagram 
The  system  in  the  range  up  to  25  at.%  Nb  and  50  at.%  B 
is  characterized  by  eutectic  crystallisation  of  bcc  metal 
and  boride  phases  (Fig.  1).  Niobium  increases  the  melting 
temperature  of  the  (Ti)  +  (TiB)  eutectic  alloys,  up  to  the 
invariant  four-phase  equilibrium  L  +  (NbB)  =  (Ti)  + 
(TiB),  taking  place  at  1610±7°C.  With  increasing  the  Nb 
content,  microstructure  of  the  alloys  is  not  changed 
comparing  with  the  binary  eutectic  alloy  Ti92.5B7.5.  EPMA 
data  show  that  the  Nb  partitions  between  metal  and 
boride  phases  in  the  ratio  approximately  5:3.  Based  on  the 
EPMA  data,  the  conclusion  may  be  made  that  the  two- 
phase  (TiB)  +  (NbB)  and  three-phase  (Ti,Nb)  +  (TiB)  + 
(NbB)  fields  are  rather  narrow  in  the  ternary  system. 

DTA  examination  reveals  the  stabilizing  role  of  niobium, 
the  (3  transus  temperature  of  (Ti,Nb)  decreases  by  as 
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much  as  ~620°C  at  1 1  at.%  Nb  content  in  matrix 
(the  alloy  Ti8i.8Nb10.7B7.5)-  According  to  XRD 
data,  the  matrix  of  the  latter  alloy  is  of  complex 
phase  composition,  containing  metastable  phases 
a"  (based  on  a-Ti)  and  ©  (in  a  little  amount), 
together  with  the  stabilized  P-phase.  The  alloy 
Tisv.iNbs^By.s  is  (a-Ti)  +  (TiB)  and  the 
Ti75.|Nbi7.4B7.5  is  (P-Ti)  +  (TiB)  and  traces  of  (a- 
Ti)  from  XRD.  The  Ti68.oNb24.5B7.5  is  three-phase 
(p-Ti)  +  (TiB)  +  (NbB),  from  XRD  and  EPMA 
data. 

Investigation  of  the  quaternary  Ti-Al-Nb-B 
alloys  containing  10  at.  %  A1  brings  to  a 
conclusion  that  the  A1  content  under  studying 
does  not  change  characteristics  of  phase 
relationship.  The  alloy  constitution  is  the  same, 
mainly. 

The  concentration  dependence  of  Vickers 
microhardness  Hv  shows  clear  maximum  at  the 
1 1  at.%  Nb  content  (7.5  at.%  B),  in  the  both 
ternary  and  quaternary  systems.  The  hot  hardness 
correlates  with  the  microhardness  at  the 
temperatures  up  to  500°C.  This  strenghthening 
should  be  attributed  at  the  expense  of  the  multi¬ 
phase  composition  of  matrix,  together  with 
contributions  of  alloying  elements.  The 
contributions  of  Nb,  A1  and  B  alloying  additions 
to  strengthening  were  analyzed  basing  on  the 
hardness.  The  boride  and  Nb  reinforcings  are 
significant  up  to  500°C,  and  the  A1  alloying  has 
effect  in  all  the  temperatures  under  investigation. 
Only  the  A1  additions  cause  remarkable  elevation 
of  starting  temperature  of  sharp  softening  by 
1 00°C,  and  boron  and  Nb  do  not  affect 
practically. 
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The  Ti-Al-B  system  is  promising  as  a  base  for 
development  of  high -temperature  strength  titanium  alloys 
using  reinforcements  of  titanium  matrix  by  aluminium 
and  bard  boride  particles  which  are  formed  at  eutectic 
crystallization.  Fhc  I  i-Al-B  phase  diagram  was  not 
studied  in  the  region  rich  in  titanium  (in  the  Ti  corner).  In 
the  present  work  the  ternary  alloys  of  the  Ti-TiB-Ti62Al3K 
legion  (Fig.  1 )  were  studied  by  methods  of 
metallography,  XRD.  DIA,  BPMA,  microhardncss  and 
hot  hardness. 


The  portion  of  1  i-Al-B  melting  diagram  was  constructed. 
It  was  found  that  in  the  region  restricted  by  the  tie-line 
TUAhs-TiB,  the  alloys  crystallize  to  form  the  eutectic 
(Ti)  +  TiB.  The  solubility  of  aluminium  in  the  boride 
phase  is  negligibly  little.  In  the  as-cast  alloys  metal 
matrix  is  p— or  p  ->a2  transformed. 

With  increasing  A1  content,  the  melting  points  of  the 
(li)f'IiB  eutectic  alloys  elevate,  passing  trough  the 
maximum  -1560°C  at  -25  at.%  Al.  The  boron  content  in 
the  (Ti)  +  TiB  eutectic  composition  is  not  practically 
affected  by  Al  alloying.  Therefore  the  volume  content  of 
reinforcing  phase  in  the  ternary  eutectic  alloys  remains  on 
the  same  level  as  in  the  binary  eutectic,  -10  vol.  %. 

Mechanical  properties  of  the  alloys  under  investigation 
were  estimated  by  measurements  of  hardness  is  the 
temperature  interval  from  RT  to  800°C  and  by 
compression  tests  at  RT.  The  good  correlation  between 
data  obtained  by  the  both  methods  was  noticed. 


The  investigation  of  boron  influence  (from  0.04 
to  7.9  at.  %  B)  on  mechanical  properties  was 
carried  out  for  the  basic  Tis,.sAl:0.2  alloy.  The 
microaddition  of  0.04  at.  B  was  shown  to  cause  a 
diminution  of  hardness  (strength)  and  a 
somewhat  growth  of  plasticity.  The  negligible 
growth  of  hardness  is  detected  at  the  boron 
content  0.2  at.%  that  seems  to  correspond  to  the 
limit  of  boron  solubility,  and  the  hardness  of  this 
alloy  is  the  same  as  of  the  initial  alloy.  The 
hardness  of  alloys  increases  significantly  at  the 
appearance  of  boride  phase,  in  accordance  to 
growth  of  volume  content  of  reinforcement.  At 
7.9  at.  %  B  the  hardness  is  maximal  up  to  500°C 
(  2.5  GPa  at  500°C  that  is  by  2.5  times  higher 
than  for  the  initial  alloy).  At  800°C  the  hardness 
of  alloys  is  found  to  be  0.55  GPa. 

The  investigation  of  the  influence  of  aluminium 
on  the  mechanical  properties  was  carried  out  for 
two  groups  of  alloys,  eutectic  and  hypoeutectic 
containing  7.5  and  5  at.%  B,  respectively.  The 
marked  growth  of  hardness  for  the  eutectic  alloys 
as  well  as  for  the  hypoeutectic  ones  was  shown 
with  the  alloying.  The  difference  in  the  hardness 
of  the  alloys  with  12.8  at.%  Al  and  the  binary 
TMjBt.s  eutectic  is  about  2  GPa  in  the 
temperature  interval  from  RT  to  600°C.  At 
800°C  this  difference  is  smaller  (-0.5  GPa)  but 
by  four  times  higher  in  comparison  with  the  base 
binary  alloy.  The  difference  between  the  eutectic 
and  hypoeutectic  alloys  is  little.  The  alloys, 
containing  30  and  40.5  at.  %  Al  have  the  phase 
compositions  a2  +  a  +  TiB  and  o.2  +  y  +  TiB2, 
respectively,  providing  maximal  values  of 
hardness. 

The  contributions  of  Al  and  B  alloying  additions 
to  alloys  strengthening  were  analyzed  basing  on 
the  hardness.  The  boride  reinforcing  was  shown 
to  be  significant  up  to  500°C,  while  the  alloying 
by  aluminium  causes  the  growth  of  hardness  in 
all  the  temperatures  under  investigation  and 
elevation  of  the  starting  temperature  of  sharp 
softening  by  100°C. 
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Development  of  new  advanced  materials  for 
special  purposes  attracts  researchers  attention  to 
objects  capable  of  forming  so-called  quasicrystals. 
Unique  structure  of  these  compounds  determines 
their  special  mechanical  physical,  and  chemical 
properties.  Quasicrystals  are  phases  of  variable 
composition  which  exist  within  a  limited 
temperature  range  and  may  undergo  various 
transformations.  Search  for  quasicrystals  is 
impossible  without  investigation  of  phase  diagrams 
of  systems  in  which  their  formation  is  expected. 
From  literature  data  it  is  known  that  binary  systems 
based  on  aluminium  containing  d-metals  form 
quasicrystals.  Thus,  it  is  expedient  to  search  for 
quasicrystals  in  three-component  and  more 
complex  systems  based  on  aluminium  with  d- 
metals. 

The  present  work  is  concentrated  on  investigation 
of  phase  diagram  of  the  Al-Rh-Ti  system,  in 
particular,  its  solidus  surface  in  the  range  of 
compositions  0-50  at.%  Rh. 

The  alloys  of  the  system  were  prepared  from  the 
starting  components  in  the  arc  furnace  with  a 
nonconsumable  tungsten  electrode  on  a  water- 
cooled  copper  hearth  in  an  atmosphere  of  purified 
argon.  After  measuring  temperatures  of  start  of 
malting  by  methods  of  differential  thennal  analysis 
and  Pirani  &  Alterthum  the  alloys  were  annealed  at 
a  subsolidus  temperature.  Annealing  was  earned 
out  either  at  the  temperature  of  20-30°C  below 
solidus  of  the  alloys  m  the  "Solidus- 1"  setup  or 
50-70°C  below  their  solidus  in  the  SShVL  furnace. 
The  alloys  annealed  at  subsolidus  temperatures 
were  investigated  by  methods  of  X-ray  diffraction, 
metallography  and  electron  probe  microanalysis. 

On  the  basis  of  obtained  results  solidus  surface 
projection  of  the  Al-Rh-Ti  system  in  the  range  of 
compositions  0-50  at.%  Rh  was  constructed. 

It  was  shown  that  a  continuous  series  of  solid 
solutions  exists  between  isostructural  with  CsCl 
phases  AlRh  and  the  high-temperature 
modification  of  the  TiRh  phase  (5-phase).The 


limits  of  the  5-phase  homogeneity  range  connects 
the  corresponding  points  in  the  binary  systems. 

A  wide  homogeneity  range  based  on  P-titanium  is 
also  observed. 

Solubility  of  the  third  component  in  the  binary 
compounds  that  are  formed  in  the  limiting  binary 
systems  is  either  absent  or  does  not  exceed  3  at.%. 
At  subsolidus  temperatures  existence  of  two 
ternary  compounds  of  stoichiometric  compositions 
of  (Ti,Al)6(Ti,Rh,Al)23+i  (G-phase)  with  the 
Th6Mn23+i  structure  type  and  (Ti , Al  .Rh)(Ti  ,Rh ,  Al)3 
(i-phase)  with  the  Ti2Ni  structure  type  is 
established.  The  G-phase  is  found  to  have  a  wide 
homogeneity  range  (~10  at.%  Al  and  Ti  and 
~5  at.%  Rh  width).  It  is  in  equilibrium  with 
virtually  all  binary  phases  as  well  as  with  5-,  i- 
phases  and  with  <P-Ti>.  Eight  isothermal  three- 
phase  fields  are  observed  on  the  solidus  surface 
containing  the  G-phase.  These  fields  are 
constituents  of  four-phase  invariant  equilibria 
containing  liquid.  Unlike  the  G-phase  the  i-phase 
was  not  found  to  have  a  homogeneity  range  and  its 
participation  in  four-phase  equilibria  is 
insignificant  as  compared  with  the  G-phase. 
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Boron  carbide  has  a  good  compatibility  with 
boron  cathodes  and  is  a  promising  material  for 
manufacturing  of  construction  elements  (heaters, 
cathode  holders,  etc.)  cathode-heating  units  which 
are  exploited  under  conditions  of  high  temperature 
gradients  (1000  degrees/cm.),  high-rate  heating 
and  cooling  and  must  provide  a  determined  level 
of  conductance.  Boron  carbide  obtained  through 
technologies  of  powder  metallurgy  is,  as  a  rule, 
characterized  by  the  low-  strength,  high  brittleness 
and  its  level  of  admixtures  and  conductance  is 
difficult  to  control.  Significant  improvement  of 
mechanical  properties  could  be  achieved  through 
reinforcing  by  filaments  of  other  refractory 
compounds.  Since  the  interaction  of  boron  carbide 
with  transition  metals  borides  is  described  by 
eutectic  diagrams  of  state,  so  in  this  work  the 
possibility  to  obtain  composites  on  the  base  of 
boron  carbides  by  a  directional  crystallization 
from  melts  was  studied.  Microstructure  and 
conductance  of  directionally  crystallized  alloys  of 
B4C-MeB2  systems  (where  Me-Ti,  Zr,  HI)  were 
investigated. 

Crystals  of  eutectic  alloys  were  grown  in  an 
atmosphere  of  helium  following  the  crucible  free 
zone  melting  of  powder  materials  with  a  moving 
solvent  of  admixtures  [1]  in  “Crystal-206” 
induced  device  equipped  with  a  high  pressure 
(10  MPa)  chamber. 

Powders  of  boron  carbide,  titanium  diborides, 
zirconium  and  hafnium  of  98.2-98.4  %  purity 
were  used  as  initial  reagents.  Amorphous  boron 
(99.8  %)  served  as  a  solvent  of  admixtures,  which 
was  introduced  into  the  powder  by  means  of  a 
mechanical  mixing.  Unsintcred  samples  of  35- 
40%  porosity  pressed  with  adding  of  a  bonding 
agent-2.5  %  solution  of  polyvinyl  alcohol  in  water 
were  exposed  to  the  zone  melting. 

Analysis  of  the  microstructure  and  phase 
composition  showed  that  crystals  of  directionally 
crystallized  eutectic  B4C-TiB2,  B4C-ZiB3  and 
B4C-HfB2  are  a  matrix  of  transition  metal  rigid 
solution  into  boron  carbide  reinforced  by  rods  and 
sheets  of  transition  metal  diborides. 


Resistivity  was  measured  by  the  potential  method. 
It  was  found  out  that  directionally  crystallized 
eutectic  alloys  have  10  times  higher  resistance 
than  that  of  similar  in  terms  of  composition  hot- 
pressed  composites  and  two  orders  lower  (table) 
than  calculated  by  the  generalized  conductance 
formula  of  composites  with  the  matrix  structure: 

V(l-0,)  +  4,(2  +  0,) 

According  to  [3]  for  directionally  crystallized 
eutectic  alloys,  when  resistance  measured  along 
the  direction  of  parallel  crystallization,  the  current 
flowing  through  two  phases  is  different 
(Kirhgoff  s  law)  and  resistance  of  material  could 
be  calculated  taking  into  account  the  dependence: 

P  =  P\PiKQ-<Pi)Pi  +<P,P\)  (2) 

Results  of  calculations  for  systems  studied 
correlate  with  experimental  ones  in  order  of  value 
and  not  entirely  take  into  account  peculiarities  of 
microstructures  of  directionally  reinforced 
composites.  Sharp  drop  of  conductance  of 
directionally  crystallized  alloys  is  related  to  an 
elongation  of  diboride  impurities  in  the  direction 
of  the  measurements.  Accordingly  to  the 
generalized  conductance  theory  a  median  element 
of  the  structure  of  directionally  crystallized  alloys 
could  be  two  rods  or  sheets  of  boron  carbide  and 
diboride  with  the  same  dimensions  and  connected 
parallel.  Since  there  are  in  three  orders  difference 
in  conductance  of  diboride  rods  from  boron 
carbide  then,  when  they  assembled  parallel, 
conductance  of  a  median  element  will  be  defined 
by  the  high  conductance  of  the  diboride  phase.  In 
case  of  hot-pressed  composites  the  median 
element  is  a  layer  of  B4C  with  homogenously 
distributed  equally  axed  diboride  grains  which  are 
separated  in  the  direction  of  the  current  flow  by 
the  same  thickness  interlayer  of  a  phase  with  the 
minimum  conductance  and  are  three  resistors. 
Two  of  which  arc  connected  parallel  and  the  third 
having  the  highest  resistance-successively. 
Significant  divergence  of  the  calculated  and 
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experimental  values  of  hot-pressed  composites 
evidently  is  due  to  their  low  purity. 

In  directionally  crystallized  alloys  a  role  of  the 
third  successively  assembled  element  is  played  by 
B4C  thin  interlayer  between  diboride  impurities 
the  presence  of  which  was  neglected  by  formula 
(2).  Calculations  by  the  median  element  with  a 
thin  and  purified  during  the  zone  melting 
interlayer  of  the  matrix  phase  allowed  to  obtain 
values  of  resistivity  of  composites  closer  to 
experimental  ones. 

Lower  conductance  of  B4C-HfB2  composites  in 
comparison  with  B4C-TiB2  and  B4C-ZrB2  is  in  a 
good  agreement  with  data  of  microscopic  analysis 


and  is  due  to  the  presence  of  single  phase  wide 
interlayers  of  B4C  matrix  phase. 

Thus,  it  has  been  established  that  the  resistivity  of 
the  directionally  crystallized  eutectic  alloys  rises 
in  B4C-ZrB2  ->B4C-TiB2  -»  B4C-HfB2  row  and 
is  defined  by  homogeneity  of  distribution  and 
morphology  of  diboride  impurities.  Resistance  of 
composites  are  commensurate  with  that  of 
graphite  (0,0014  Ohm*cm)  that  permits  to  use 
quasibinar  eutectic  alloys  of  B4C-MelvB2  systems 
for  manufacturing  of  cathode  units  resistive 
elements  of  electron-ray  assemblies  of  devices 
and  facilities  of  technological  purpose. 


Table-  The  resistivity  of  the  directionally  crystallized  eutectic  alloys  of  B4C-MelvB2  systems. 


Eutectic  alloys 

Relative 

density, 

% 

Diboride 
content,  % 

Resistivity,  Ohm*cm. 

Calculated  by  the 
median  element 

Calculated 
by  formula 
(1) 

Calculated  by 
formula  (2) 

Experimental 

B4C-TiB2 

99.85 

23 

0.00112 

0.053834 

0.004774 

0.00050 

B4C-ZrB2 

99.04 

23 

0.000129 

0.052866 

0.000563 

0.00019 

B4C-HfB2 

94.86 

23 

0.00134 

0.052871 

_ 

0.000584 

0.00117 

B4C-ZrB2  (hot- 
pressed) 

70 

23 

“ 

0.0000125 
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Development  of  new  metallurgical  processes, 
the  choice  of  rational  modes  of  synthesis  of  stuffs 
with  beforehand  specified  by  properties  is 
impossible  without  knowledge  of  the  fundamental 
thermodynamic  characteristics.  During  many  years 
on  faculty  of  physical  chemistry  of  the  Kiev  Taras 
Shevchenko  University  studied  thermodynamic 
properties  of  alloys,  the  majority  from  which  will 
utillize  on  different  productions. 

So,  on  faculty  of  electrometallurgy  of  the 
Dnepropetrovsk  metallurgical  academy  the 
technology  of  fcrroaluminum  manufacturing  was 
developed  which  will  be  utillized  for  deoxidation 
and  doping  high-quality  of  steel  with  the  minimum 
contents  of  non-metallic  incorporations.  In  this 
connection  we  investigated  melts  Ferri  lactas  with 
aluminium. 

For  definition  of  activity  of  aluminium  in 
binary  alloys  with  iron  the  method  of  allocation  of 
components  between  two  not  blending  phases  of 
fluid  is  chosen.  The  affiliation  of  the  obtained  data 
with  the  thermodynamic  characteristics  of  alloys  of 
system  Al-Fe,  established  with  the  help  of  a 
method  EMF,  has  allowed  to  present  to  activity  of 
aluminium  in  all  range  of  compositions. 

The  development  of  effective  flow  diagrams  of 
production  low'-phosphorous  manganous  alloys 
should  be  based  on  knowledge  of  physico¬ 
chemical  law's  underlying  these  processes.  The 
efficacy  of  process  of  dephosphorization  in 
manganous  ferroalloy  is  determined  from  activity 
by  thermodynamic  properties  and  first  of  all  by 
activity  of  phosphorus  in  those  systems. 

We  carried  out  experimental  research  of  activity  of 
phosphorus  in  systems  Mn-P,  Mn-Si-P,  Mn-Si-P-0 
at  the  contents  of  phosphorus  close  to  its 
concentration  in  industrial  manganous  ferroalloys. 
In  quality  method  of  research  the  dynamic  method 
of  carrying  gas  allowing  to  determine  steam 
tension  of  material,  salurant  was  chosen  at  some 
temperature  gas  which  is  taking  place  above  it.  The 
results  of  our  researches  show'  on  necessity  of 
building  at  dephosphorization  of  manganese  of 
conditions  promoting  weakening  of  forces  of 
connections  of  phosphorus  in  liquid  solutions.  It 


can  be  achieved  by  introduction  in  a  melt  of 
elements  promoting  augmentation  of  quotients  of 
activity  of  phosphorus.  Those  have  appeared 
Carboneum  and  silicon.  Thus,  dephosphorization 
of  alloys  on  the  basis  of  manganese  it  is  expedient 
to  carry  out  at  enough  high  concentrations  in  them 
of  silicon  and  Carboneum,  that  corresponds  on 
composition  industrial  silicomanganesc. 

For  building  materials  with  the  special  properties, 
which  are  characterized  as  thermally  sound  and 
undislocation  stuffs  w'ith  high  mechanical 
hardness,  stability  to  action  of  high  temperatures, 
chemical  mediums,  will  be  utillized  rare-earth 
metals  and  yttrium.  The  special  place  among 
alloying  modifiers  borrow  alongside  with  metal 
yttrium. alloy  on  the  basis  of  nickel. 

For  development  of  the  production  technology  of 
alloys,  which  are  alloying  modifiers,  deoxidizers 
became,  the  thermodynamic  characteristics  of 
melts  of  systems  Ni-Y,  Y-Si.  Ni-Si  and  Y-Ni-Si 
arc  investigated.  As  a  method  of  research  the 
method  of  high-temperature  calorimetry  is  chosen. 

In  binary  systems  (Y-Ni,  and  is  especial  Ni-Si 
and  Y-Si)  the  essential  negative  deflections  from 
theoretical  behaviour  are  observed,  that  is 
explained  by  presence  in  them  of  the  near  order 
such  as  chemical  combination.  The  essential 
negative  deflections  are  peculiar  also  to  all  alloys 
of  ternary  system  Y-Ni-Si. 

For  development  of  physico-chemical  bases 
of  an  electrothermal  method  of  reception  of 
silumin  from  domestic  raw'  material,  the  items  of 
information  on  influence  of  admixtures  of  series  of 
metals  are  necessaiy  which  contain  in  physical 
aluminium  ores.  on  the  thermodynamic 
characteristics  of  alumosilicic  alloys.  We 
investigated  influence  of  the  additives  of  titanium, 
Ferri  lactas,  nickel  and  copper  on  thermodynamic 
activity  of  aluminium  in  liquid  silumin.  The 
additives  of  metals  result  in  depressing 
thermodynamic  activity  of  aluminium  in 
alumosilicic  alloys.  From  the  investigated  additives 
(Fe,  Ni,  Cu)  the  greatest  influence  renders  copper. 

rIhe  quality  of  metal  products,  mould  pieces, 
joint  w'elds  substantially  depends  on  the  contents  in 


106 


I.  FUNDAMENTAL  PROBLEMS  OF  MATERIALS  SCIENCE 


them  of  gases,  which  harmful  action  is  developed 
in  formation  of  pores  and  fractures,  sharp 
deterioration  of  plasticity,  ductileness.  In  this 
connection  the  large  value  is  got  by  operations  of 
deoxidation,  dephosphorization,  desulphurations 
etc.  For  all  these  processes  especially  important  the 
search  of  elements  is,  which  introduction  in  a  melt 
essentially  would  depress  the  contents  and 
according  to  activity  of  gases,  sulfur,  phosphorus 
and  other  admixtures,  not  worsening  thus  is  warm, 
electric  conductivity,  mechanical  and  other 
properties. 

The  results  of  our  thermodynamic  researches 
have  allowed  to  prove  an  opportunity  and  to 
execute  an  evaluation  of  deoxidizing  and 
desulphurating  properties  of  elements  of  series  of 
metals  for  multicomponent  alloys  on  a  basis  Ferri 
lactas.  The  data  on  parameters  of  interaction 

' o  -s  >  no  ■  ns  utilised  for  a  substantiation  and 
perfection  of  the  schemas  of  doping  wires,  used  for 
welding  steels,  copper  and  nickeliferous  alloys. 

We  have  determined  partial  molar  enthalpies 
and  activities  of  silicon,  aluminium,  manganese, 
chromium  and  molybdenum  in  liquid 
multicomponent  alloys  on  the  basis  of  iron  by  a 
methods  calorimerty  and  EFM.  As  an  example  in 
tab.  1.  are  given  activity  of  manganese.  For  an 
estimation  of  a  degree  of  influence  of  elements  on 
activity  of  manganese  the  parameters  of  interaction 

are  designed:  sf  -  (3 In yi  / dxM  )XM  >Q .  It  is  visible, 

that  the  introduction  even  of  small  amounts  of 
silicon,  nickel,  molybdenum,  titan,  aluminium 
results  in  change  of  activities  of  manganese. 
Therefore  dopant  of  an  alloy  it  is  possible  to 
change  of  activity  of  the  given  components  in  the 
certain  direction. 

Partial  molar  enthallpies  of  components  in 
investigated  mullticomponent  alloys  also 
essentially  change  with  introduction  in  their 
structure  of  small  amounts  such  frequently  used 


The  account  of  thermodynamic  properties  of 
liquid  multicomponent  alloys  on  the  basis  of  iron 
has  allowed  from  scientific  positions  to  improve 
the  circuits  dopant  welding  wire  of  a  type  CB- 

08r2C. 

We  also  have  studied  melts  of  systems  Ni-0 
and  Ni-O-M.  Activity  of  oxygen  in  melts  Ni-O, 
determined  by  a  method  EFM,  will  be 
satisfactorily  coordinated  to  the  literary  data,  and 
enthalpies  of  mixture  of  melts  of  this  system 
investigated  by  a  calorimetry,  have  appeared  more 
negative,  than  results  received  by  other  methods 

( AHo  =  -200±15  kJ/mol)  (tab.  2). 

Testify  to  presence  among  them  both  weak, 
and  very  strong  deoxidizers  for  nickel. 

As  the  alloys  containing  36  %  of  nickel  and 
64  %  of  iron  (invars),  are  widely  used  in  chemical 
mechanical  engineering  and  the  requirements  to 
their  quality  are  very  high,  it  is  necessary  to  study 
processes  allowing  to  reduce  the  contents  of 
oxygen,  sulfur  and  other  harmful  impurity  in  them. 
We  investigated  influence  chromium,  tantalus  and 
silicon  on  activity  of  oxygen  in  invar  alloys  by  a 
method  EFM,  the  received  parameters  deoxidation 
are  given  in  tab.  3. 


Table  3 


M 

jM 

l0 

KP 

[%  M] 
opt. 

[%  O] 
min 

Indus 

Cr 

1 

1 

1,7-1  O’4 

Cr203 

Ta 

0,32 

4,5T0"31 

0,5 

l,6-10'b 

Ta205 

Si 

9 

5-10"'u 

0,02 

2,2-10"y 

Si02 

So,  the  thermodynamic  properties  of  melts  of 
various  systems  allow  to  prove  conditions  of 
carrying  out  of  technological  processes.  Therefore 
development  of  express  procedures  allowing 
quickly  now  is  observed  to  measure 
thermodynamical  coordinates  in  a  course 
interesting  of  process,  for  example,  activity  of 
components  with  the  help  of  electrolytic  gauges. 


dopant  elements  as  Si,  Al,  Mo,  Ti  etc. 

Table  1.  Activity  of  manganese  in  liquid  alloys  on  the  basis  of  iron  at  1 870  K 


Alloy 

XMn 

E10J  V 

aMn 

° Mn 

98%  Fe-2%  Mn 

0,02 

231 

0,0563 

- 

97%  Fe-2%  Mn-1%  Si 

0,0201 

326 

0,0176 

-18 

96%  Fe-2%  Mn-1%  Si-1%  Ni 

0,0201 

366 

0,0107 

-22 

96%  Fe-2%  Mn-1%  Si-1%  Ti 

0,0198 

313 

0,0184 

4 

96%  Fe-2%  Mn-1%  Si-1%  Al 

0,0199 

335 

0,0155 

-3 

96%  Fe-2%  Mn-1%  Si-1%  Mo 

0,0199 

308 

0,0226 

24 

Table  2.  The  received  parameters  of  interaction  /“  In  liquid  alloys  of  systems  Ni-O-M 


M 

Cr 

Mo 

V 

Nb 

Ta 

Ti 

Zr 

Ilf 

Si 

Al 

La 

Ge 

-lM 

0,1 

0,04 

0,54 

0,26 

0,12 

0,4 

0,7 

6 

0,2 

2,3 

8,1 

9,5 

107 


I.  FUNDAMENTAL  PROBLEMS  OF  MATERIALS  SCIENCE 


THERMODYNAMICAL  PROPERTIES  OF  Ni-Nb-AI  SYSTEM 

Sudavtsova  V.S.,  Vovkotrub  N.E. 

Department  of  Chemistry  of  Kyiv  National  Taras  Shevchenko  University, 

64  Volodymyrska  St.,  01033  Kyiv,  Ukraine 


Nickel-contaning  alloys  with  refractory  metals 
posses  temperature  resistant  and  corrosion- 
resistant  properties.  Therefore  research  of 
thermodynamic  properties  such  and  close  to  them 
by  composition  ternary  systems  will  allow  to 
improve  methods  of  their  reception  and  uses.  By 
High  temperature  isoperibolic  calorimetry  [1]  was 
studied  binary  boundary  Al(Ni)-Nb  system  and 
four  radial  sections  of  ternary  Ni-Nb-AI  system  at 
1870-1900  K. 


Some  thcrmocheniical  properties  of  alloys,  at 
which  study  in  liquid  bath  entered  niobium  were 
specified  by  advanced  in  calorimetry  experiment 
using  method  conserving  in  sample  heating  and 
fixation  AT  with  thermobattery  [2],  The  accuracy 

of  measurement  AH  and  A//,  in  the  advanced 
technique  made  ±1  and  ±7%,  accordingly.  The 

defined  values  AH  and  AH,  for  the  studied 
binary  and  ternary  systems  are  given  in  table  1. 


Table  1 

Thermochemical  properties  of  liquid  binary  A1(Ni)-Nb  systems  at  1900  K  (in  k.T/mol) 


Al-Nb 

x2 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

-AH 

0 

2.4 

4.3 

6.5 

6.6 

6.2 

5.6 

4.6 

3 

1.6 

-AH, 

16 

29 

20 

13.5 

7 

4.5 

2 

- 

1 

0.5 

Ni-Nb 

x2 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

-AH 

0 

15 

23 

27 

28 

28 

25 

21 

11 

8 

-aTTT 

183 

126.5 

70 

50 

30 

22 

13.3 

9 

6.6 

3 

Ni-Nb-AI 

x3 

0.1 

0.2 

0.3 

x3 

0.1 

0.2 

0.3 

0.9' 

22 

35 

44 

-  AW(—  =  — ) 

0.9 

43 

39 

35 

-  A  HC—  =  — ) 

-v.v,  0.9 

18 

26 

38 

-  A =  — ) 

Tv,  0.9 

44 

43 

41 

Using  enthalpy  of  formation  for  NbAlg  (29,7 
kJ/mol)  [3]  and  defined  by  us  A H ,  we  have 
estimated  AH  of  melts  of  Al-Nb  system  in  all 
interval  of  compositions.  In  a  similar  way  have 
simulated  thermochemical  properties  of  melts  of 
liquid  Ni-Nb  systems.  As  can  be  seen  from  tab.  1 
the  niobium  and  nickel  liquid  alloys  are 
characterised  by  strong  interparticle  interaction 
between  different  by  sort  atoms,  that  correlates 
with  behaviour  them  in  a  solid  state.  Agrees  with 
the  state  diagrams  of  a  Ref.  [4],  Ni  and  Nb  form  a 


number  of  intermetallics.  The  studied  ternary  Ni- 
Nb-AI  alloys  also  has  been  formed  intermetallics 
with  heat  allocation.  To  obtained  thermochemical 
property  in  all  interval  of  compositions,  we  have 
calculated  them  by  Toop  equation  from  data 
known  for  binary  boundary  systems.  It  have  been 
established,  what  exactly  this  equation  allows  to 
define  AH ,  close  to  experimentally.  Enthalpy  of 
mixing  curve  levels  of  Ni-Nb-AI  system  at  1900  K 
are  given  in  figure. 
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It  is  clear,  that  the  minimum  on  a  enthalpy  of 
mixing  surface  is  necessary  on  mono-aluminide  of 
nickel,  that  it  is  no  wonder,  as  the  alloys  Ni  with 
A1  are  formed  it  with  very  large  exothermal 
effects.  In  Ni-Nb-Al  system  it  is  more  probable 
than  all  is  not  fonned  of  ternary  stable  compounds. 
From  AH  in  Ni-Nb-Al  systems  in  section  xm/xAI 
=  1:1  have  calculated  thermochemical  properties 
of  liquid  alloys  of  Ni-Al-Nb  system.  They  have 
appeared  positive,  that  testifies  to  stronger  energy 
of  connection  in  Ni-Al,  than  Ni-Nb  and  the  more 
so  Nb-Al.  For  reception  by  more  complete  TD 
information  about  liquid  Ni-Nb  system  we  have 
studied  of  activity  Nb  up  to  .xNb  =  0,1  at  1900  K 
with  using  EMF  of  a  concentration  circuit: 
Nb-Nh205  |  ZrC>2  -  Y2O3  I  (Nix-Nbi_x)- 
Nb205 

Activity  Nb  has  appeared  found  smaller,  than  for 
ideal  solutions  (table  2). 


Table  2 


Activity  Nb  in  liquid  Ni-Nb  system  at  1900  K 


XNb 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

am 

0.01 

0.018 

0.035 

0.076 

0.21 

0.37 

0.56 

0.71 

0.87 

In  the  field  of  balance  a  liquid  solution  NbsoUd- 
we  have  calculated  aj%  from  coordinates  of  a 
liquidus  line  by  technique  developed  by  us  in  Ref. 
[3],  and  in  the  field  of  existence  inteimetallics  by 
advanced  Hauffe-Wagner  method.  All  results 
correlate  among  themselves  and  testily  to 
negative  deviations  from  the  Raoults  law.  The 
introduction  of  small  amounts  of  aluminium  in 
investigated  nickel-niobium  liquid  alloys  results 
to  small  decreasing  of  activity  of  niobium,  that 
confirms  defined  by  calorimetry  theimochemical 
properties. 
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Silicon-.  Germanium-  and  Aluminium- 
containing  alloys  are  widely  used  as 
semiconductors,  steel  deoxidisers  and  modifiers. 
Tin  is  a  basis  of  various  solders.  Therefore 
thermodynamic  properties  of  silicon  and  tin  alloys 
are  of  significant  practical  interest.  However,  as  Si 
and  Sn  occupy  IVb-subgroup  of  Periodic  Table, 
they  should  find  out  close  similarity  and 
distinctions  caused  dimensionality  factor. 
Thermochcmical  properties  of  alloys  based  on  Si 
and  Sn,  stannides  of  Sc,  Nb,  Ti  are  determined  by 
differ  variants  of  calorimetry  method.  In  a  fig.  1 
dependencies  A  H,m.  in  the  liquid  Si  and  Sn  arc 
represented 


Fig.  1.  First  partial  enthaphy  of  mixing  of  3d-,  4d-. 
5d-metals  in  Si  (a)  and  Sn  (b). 

It  can  be  easy  observed,  that  the  dependencies  are 
close  among  themselves,  but  magnitude  of  thermal 
effects  in  Si-based  liquid  alloys  are  exothermal 
significantly,  which  is  testifies  about  one  stronger 
relation  of  Silicon  to  d-transilion  metals.  For  liquid 
alloys  of  noticed  element  with  refractory  metals  it 
was  possible  to  investigate  only  limited 
concentration  area.  So,  we  estimated 
thermochemical  properties  of  the  characteristic 
melts  of  Si(Sn),  using  standard  enthalpy  of 
formation  for  silicides  and  stannides.  All  data  were 


defined  by  Ay-H  well  correlate  with  experimentally 
one.  In  a  fig.  2  are  compared  A  H3(/.lW(,“  of  Si(Sn) 
with  refractory  metal  in  a  wide  range  of 
compositions. 

V 

'  \ 


a  wide  range  of  compositions. 

It  is  stated,  that  all  of  them  arc  high  exothermal. 
Component  Activity  for  considered  alloys  are 
determined  by  EMI7  with  liquid  or  solid 
electrolyte.  For  refractory  alloys  are  calculated 
activity  and  other  thermodynamically  properties 
using  liquidus  curves  coordinates  via  us-developed 
technique.  In  the  table  are  presented  activity'  of 
components  in  most  interesting  labor-consuming 
for  researches  systems. 

It  has  been  established,  that  in  Silicon  and  Tin 
melts  with  transition  metals  activity  of  component 
posses  large  negative  deviations  from  ideal 
solutions.  For  alloys  with  intransitive  metals  was 
defined  that  activity  of  Si,  Sn  and  other 
components  characterised  by  positive  deviations 
from  the  Raoults  law. 
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Analysing  dependencies  A  H d_M*  and  AH  in 
binary  Me-d-Me  melts  from  serial  numbers  in 
Periodic  Table  of  transitive  metal,  it  is  possible  to 
show  that  they  differ.  And  the  thermodynamic 
properties  of  alloys  containing  4d~  and  5d-metal 
are  more  similar  among  themselves,  than  alloys  of 
3d-metals.  As  well  known,  the  melts  properties  are 
now  most  completely  investigated,  especially  for 
that  one  of  which  component  is  the  3d-metal,  we  in 
fig.  compared  dependencies  for  A  =f(z)  for 

binary  liquid  alloys  (Al,  Si,  Ge,  Fe,  Ni,  Cu,  and 
Sn)-3d-Me.  As  can  be  seen  (see  fig.)  similar 
dependencies  for  binary  liquid  alloys  of  Fe  and  Ni, 
Al,  Si,  Ge,  Sn,  Cu.  As  to  first  two  groups  of  alloys, 
similarity  in  their  properties  it  is  no  wonder,  as  it  is 
traced  and  on  a  number  of  other  properties. 
Unexpected  similarity  in  thermochemical 
properties  of  binary  systems  (Cu,  Sn)  -3d-metal 
was  shown.  We  consider  that  it  is  a  consequence 
for  series  of  factors,  by  major  of  which  is  3  d- 
orbital  filling.  At  formation  of  binary  alloys  with 
3d-metals  copper  and  tin  plays  role  of  electron 
donors  also  turn  to  ions  close  on  the  size  (Sn4+  - 
0,074  nm;  Cu2"  -  0,07  nm). 

Unexpected  the  distinction  in  thermochemical 
properties  of  binary  alloys  of  systems  of  3d-metals 
with  silicon,  germanium  and  tin  is  also.  From  a  fig. 
it  is  clear,  that  liquid  alloys  Sn-3d-Me  are 
characterised  by  smaller  thermal  effects  of  alloy 
formation,  that  it  is  more  probable  than  all  is 
caused  large  ionic  radius  of  tin  (0,074  nm)  in 
comparison  with  those  for  silicon  (0,039  nm).  So, 
having  established  groups  of  alloys  Me-3d-Me 
with  similar  properties,  we  can  use  it  for 
forecasting  properties  of  alloys  containing  4d-  and 
5d-metal,  on  the  basis  of  the  limited  quantity  of 
experimental  data. 

It  is  known,  that  in  liquid  double  alloys  p-metals- 
(Fe,  Co,  Ni)  the  interparticle  interaction  amplifies 
in  row:  Fe— »Co— >Ni.  This  fact  is  explained  by  a 
structure  3d-orbital  of  metals  of  iron  subgroup. 
Nickel  on  3d-orbital  has  nine  electrons;  therefore 
at  melt  formation  it  will  aspire  to  electron  grasp 
and  to  pass  in  a  stable  state.  As  the  thermodynamic 
properties  of  all  oys  Mil  and  Cu  are  now  known,  we 
have  compared  properties  of  double  alloys  of 
systems  Al  (Si,  Ge,  and  Sn)  -  Mn  (Fe,  Co,  Ni,  and 
Cu).  In  tab.  we  result  differences  of  radiuses, 
electron  negativity  of  components  of  considered 

alloys,  and  also  meaning  for  AH  and  -  A GLX  in 
extreme  points. 

From  the  table  it  is  visible,  that  the  amplification  of 
interparticle  interaction  is  observed  in  the 
following  lines: 


1 .  Al-Cu  «A1-Mn  ->  Al-Fe  Al-Co  ->  Al-Ni 

2.  Si-Cu  Si-Mn  ->  Si-Fe  ->  Si-Co  -»  Si-Ni 

3.  GeCu  — >  Ge-Fe  — >  Ge-Mn  — >  Ge-Co  — »  Ge-Ni 

4.  Sn-Fe  — >  Sn-Co  — »  Sn-Cu  — >  Sn-Ni  -»  Sn-Mn 

It  is  visible,  that  in  series  1,2  interactions  least  in 
copper  alloys,  and  at  transition  from  Mn  to  Ni  it 
grows.  It  is  caused  by  a  structure  3d-orbitals  of 
considered  transitive  metals  and  dimension  factors 
of  related  Al  and  Si.  In  the  third  series  the 
dependence  differs  from  those  in  1 ,2  numbers  (Mn 
and  Fe  change  possition),  and  in  alloys  of  tin  it 
completely  not  such,  as  in  1 , 2  slightly.  Taking  into 
account  given  in  tab.  data,  it  is  possible  to  approve, 
that  on  interaction  in  alloys  Fe-Sn  and  interatomic 
interaction  renders  influence  of  dimensions  factor 
and  electrochemical  factor.  Thermodynamical 
properties  of  Pb-3d  metals  alloys  practically 
unknown,  but  taking  into  account  phase  equilibria 
we  may  stated  that  character  of  interaction  in  these 
alloys  will  be  similar  as  tin-based  one. 

So,  for  the  forecast  of  properties  of  binary  alloys 
consisting  of  transitive  and  intransitive  metal,  it  is 
necessary  except  for  a  structure  3d-orbital  to  take 
into  account  dimensional  and  electrochemical 
factors. 

Table 

The  sizes  both  electrochemical  factors  and  melts 
thermodynamic  properties  of  systems  intransitive 
metal  -  transitive  metal 


System 

Al-3d-Me 

Si-3d-Me  j 

d-Me 

Ar 

As 

-AH 

-  AG" 

Ar 

As 

-AH 

-AG" 

Mn 

0,12 

0 

18 

12,2 

0,07 

0,4 

33 

21 

Fe 

0,16 

0,22 

20 

12,6 

0,07 

0,1 

40 

19 

Co 

0,17 

0,3 

37 

0,2 

0,08 

0,1 

49 

29 

Ni 

0,19 

0,3 

54 

21,4 

0,1 

0 

52 

34 

Cu 

0,15 

0,2 

18 

17 

0,06 

0,2 

14 

8 

System 

Al-3d-Me 

Si-3d-Me 

_ _ 

Mn 

0,08 

0,3 

0,17 

0,20 

0,3 

-6 

-1,2 

Fe 

0,12 

0 

10 

0,24 

0 

7,5 

5,3 

Co 

0,13 

0 

22 

0,25 

0 

-0,6 

-0,4 

Ni 

0,15 

0,1 

32 

0,27 

0,1 

-4,6 

-4,1 

Cu 

0,11 

0,3 

8 

0,23 

0,3 

-1,0 

-6,0 
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Shallow  cracks  are  of  interest  to 
researches  because  the  methods  of  classical 
fracture  mechanics  fail  to  give  adequate  estimates 
of  their  danger.  At  present,  the  analysis  of  the 
distributions  of  stresses  and  plastic  strains  at  the 
tip  of  a  shallow  crack  in  the  continual 
approximation  seems  to  be  a  quite  urgent  problem 
[2],  The  main  difficulty  encountered  in  its  solution 
is  connected  with  the  fact  that  the  continual 
approach  is  inapplicable  to  the  description  of 
plastic  strains  in  the  region  whose  characteristic 
size  is  comparable  whith  the  grain  size. 

The  aim  of  the  present  work  is  to  establish 
a  quantitative  cstimatlc  of  the  degree  of  danger 
caused  by  shallow  cracks  and  formulae 
requirements  on  the  properties  of  the  metal 
guaranteeng  that  these  defects  are  unable  to 
initiate  brittle  ( quasibri tile)  fracture. 

The  proposed  approach  is  based  on  the 
concepts  described  in  [4],  According  to  these 
concepts,  the  expression  for  the  generalized 

parameter  Em  characterizing  the  embritting 
action  of  an  arbitary  stress  concentrator  has  the 
form 


where  K.  is  the  coefficient  of  toughness  of  the 


metal. 


E...  = 


M/eV 


Kss 

where  j  is  the  stiffness  of  the  stressed  state 

created  by  the  concentrator,  j  =  <Jl/(5i  ,  CT|  is 
the  maximum  level  of  tensile  stresses  at  the  tip  of 
the  concentrator,  G;  is  the  intensity  of  stresses, 

6?  is  the  intensity  of  plastic  strains  at  the  point  of 

initiation  of  fracture,  ey  is  the  level  of  residual 
strains  at  the  yield  point,  11  is  the  strain¬ 
hardening  index  of  the  metal,  Ks s  and  is  the 

ratio  of  the  local  fracture  stress  Gr  of  the  metal 
at  the  tip  of  the  concentrator  to  the  minimum 
fracture  stress  Rmc  under  uniaxial  tension. 

In  the  case  of  quasibrittle  fracture,  we 


K,  =  Kmc. 


Rmc  is  the  minimum  stress  of  brittle  fracture  of 

the  metal  under  uniaxial  tension,  and  Gy  is  the 
yield  limit  of  the  metal. 

As  a  specific  feature  of  quasibrittle 
fracture  initiated  by  shallow  cracks  and  other 
small  defects  under  the  conditions  of  quasistatic 
loading,  one  can  mention  the  fact  that  the 

temperature  of  cold  brittleness  T ch  for  specimens 
with  defects  of  this  sort  is  quite  low,  i.e.,  these 
defects  cannot  be  responsible  for  the  loss  of  the 

load-carrying  ability  of  the  specimen  (G^,-  <  Gy ) 
but  may  lead  to  a  loss  of  plasticity  of  the  metal  . 
Therefore,  for  shallow  cracks,  one  must  know  the 

value  of  Em  at  the  temperature  of  zero  plasticity 

T  . 

-p 

The  experimental  values  of  Em  for  T  Tp 

were  determined  according  to  a  procedure  similar 
to  that  described  in  [4]  for  structural 
concentrators.  For  this  purpose,  we  performed  low 
temperature  testingof  smooth  cylindrical 
specimens  (without  consentrators)  for  uniaxial 
tension. 

We  see  that,  despite  a  fairly  broad  range 
of  values  of  strength  of  the  investigated  materials, 

the  quantity  Ef*p  (T  )  varies  within  a  quite 

nanow  range  (from  1.62  to  1.88).  The  changes  in 
this  parameter  are  cxplaned  by  the  different 
susceptibilities  of  60  and  12KhN3MA  steels  to 
strain  hardening.  According  to  Eq.  (1),  this 
reflects  the  general  law  of  fracture  of  metals  under 
the  conditions  of  ■  stress  concentration 
experimentally  corroborated  by  testing  speciments 
with  structural  concentrators  and  long  cracks  [4], 
For  steels,  we  get: 

E,„(TW.)  =  -f.l0".  (4) 
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We  see  that  j  /  Kss  is  practically 
constant  and  equal  to  1.47.  This  fact  enables  us  to 
deduce  the  following  approximate  fonnula  for 
evaluation  of  the  embrittling  action  of  shallow 
cracks  at  the  temperature  of  zero  plasticity: 

£,„(V)«1.47-10”.  (5) 

Computer  modeling  of  samples  fracture 
with  shallow  cracks  for  steel  60  was  realized. 
Calculations  were  executed  with  the  help  of 
program  complex  for  solution  of  boundary 
problems  by  finite  element  method.  Criterion  of 
yielding,  which  take  into  account  features  of  low 
temperature  slip  in  bcc  lattice,  was  used  [3]. 
Parameters  of  metal  stress-strain  state  with 
shallow  crack  were  determined.  Value  of  ratio 

j  /  Kss  equal  1 .49,  error  less  then  2%. 

To  evaluate  the  danger  of  shallow  cracks 
quantitatively,  it  is  convenient  to  use  the 

toughness  margin  of  a  metal  Ktm  [4].  This 
quantity  is  defined  as  the  ratio  of  the  toughness  of 
the  metal  under  uniaxial  tension  to  the  value  of 
the  parameter  characterizing  the  embrittling  action 
of  the  stress  concentrator 


If  Klm  <  1 ,  then  the  toughness  of  the 
metal  is  insufficient  for  resisting  the  embrittling 
action  of  the  stress  concentrator.  Otherwise,  the 
metal  has  a  toughness  margin  characterized  by  the 

absolute  value  of  Ktm  . 

It  is  worth  noting  that  products  made  of 
high-strength  steels  can  be,  as  a  rule, 
characterized  as  thin-walled  structures.  Therefore, 
structural  concentrators  and  small  surface 
technological  defects  play,  in  this  case,  the  role  of 
typical  sources  of  dangerous  local  overstresses.  In 
order  to  avoid  the  brittle  fracture  of  broducts  of 
this  sort  under  overloads  (in  the  case  where  tensile 

stresses  can  attain  the  value  <Tq  2  in  the  entire 
section  of  the  load-carrying  element  or  in  some 
parts  of  it),  it  is  necessary  that  the  toughness  of 

these  type  of  steels  be  not  lower  than  Kt  >1.65. 
As  an  example  of  high-strength  materials 
possessing  the  required  proerties,  one  can 

takel2KhN3MA  alloyed  steels  with  Kt  «  1. 9-2.2 
for  CT02  «  800-1000  MPa. 


Conclusions 

l.The  embrittling  action  of  shallow  cracks  is,  to 
large  extent,  determined  by  the  susceptibility  of  a 
metal  to  strain  hardening  and  becomes  more 
pronounced  as  the  index  of  strain  hardening 
increases. 

2. Shallow  cracks  can  be  responsible  for  the  brittle 
fracture  of  typical  structural  steels  with  a  strength 
of  700-900  MPa  and  higher  within  the  range  of 
climatic  temperatures  (213-293  K). 

3. To  guarantee  the  safety  of  loading  of  load- 
can-ying  structural  elements  made  of  high-strength 

steels  (O02  >  1000  MPa),  their  toughness  must 
be  not  lower  than  Kt  =1.65. 
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SPREADING  OF  CONDUCTIVE  DROP  OF  METALLIC  MELT  IN 

MAGNETIC  FIELD 
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Kabardino  -  Balkarian  State  University,  Nalchik,  Russia,  sozaevv@kbsu.ru 


There  is  a  lot  of  references  dedicated  wettability 
and  adhesion  interaction  in  solid  -  liquid  systems. 
But  inspite  of  extreme  importance  of  investigation 
of  wetting  and  spreading  processes  they  are 
understood  and  known  insufficiently  yet  [1]  and 
some  prominent  problems  of  cappilarity  are  only 
in  the  beginning  of  solution.  Processes  of  wetting 
and  spreading  of  thin  metallic  melt  over  the  solid 
surface  are  former  and  most  fundamental  stages  of 
many  physical  and  chemical  phenomena 
accompanying  modern  technologies.  The 
managing  with  these  processes  is  actual  task  and 
aquires  theoretical  research  of  complicated 
physical  -  chemical  phenomena  and  developing  of 
novel  cases  of  power  influence  on  them  through 
externa!  fields  such  as  thermal,  electric,  magnetic 
etc. 


One  should  notice  that  even  in  absence  of 
mentioned  external  fields  the  hydrodynamic 
conditions  ol  liquid  flux  on  solid  surface  with 
wetting  are  very  complicated  and  determined  by 
both  properties  of  liquid  and  of  solid  and  also  by 
geometry  of  solid  body  and  by  the  degree  of 
surface  roughness.  Nowadays  even  for  systems  in 
which  liquid  has  no  chemical  interaction  with 
solid  there  is  no  approximate  solution  of  Navier  - 
Stokes  equation  which  can  satisfactorily  describe 
all  the  steps  of  liquid  spreading  process  over  the 
surface  of  solid  body. 

The  uniting  of  electromagnetic  and  surface 
phenomena  with  dynamics  of  liquid  borns  new 
physical  phenomena  giving  opportunity  of 
managing  with  the  process  of  spread  when 
exploring  the  flux  of  liquid  conductive  drop  in 
electric  and  magnetic  fields. 

Let's  consider  the  moving  of  metallic  melt  drop  in 
the  cylindrical  frame  of  references  in  which  -  axis 
is  normal  to  non  -  deformable  surface  of  the  solid 
body.  We  suppose  that  drop  with  constant  mass  m 
is  moving  as  full  phase  layer  in  constant 
homogeneous  magnetic  field  Fl  =  (0,0,1!,).  The 
chemical  interaction  of  contacting  phases  is 
negligible  and  all  the  natural  characteristics  of 
acting  in  spreading  physical  objects  are  constant. 
We  put  also  following  assumptions:  (i) 


t»(p/rj)8'  -  the  flux  is  quasistationar,  (ii)  Rc=I/8 
-  inertial  effects  are  negligible,  (iii)  V=xr2S  -  the 
form  of  the  drop  is  approximated  as  cylinder, 
where  p,  r/  -  density  and  viscosity  of  the  drop,  /  - 
the  distance  from  the  source  (launch  of 
references)  to  the  front  of  liquid,  V,  r  -  volume 
and  radius  of  spreading  drop,  S(t )  -  height  of  layer 
of  coverage  in  time  moment  t. 


Accounting  made  sentences  and  axial  symmetry 
of  flux  the  equation  of  quasistational  flux  of 
viscous  conductive  drop  in  magnetic  field  is 
apparent  as 


0  d't)r(z) 
p  dz- 


1  dP 

4 

p  dr 


1  x.r=o. 

p  ■ 


0<z<<S(r)’O) 


where  D  =  (vr,0, 0)  -  velocity,  P  -  pressure,  /,.  - 
external  force  acting  on  unit  of  liquid  volume  in 
radial  direction.  The  theoretical  estimation  of  the 
influence  of  electric  and  magnetic  fields  on 
interface  tensions  shows  that  this  contribution  is 
small  enough  and  less  than  0.3%  for  fields 

h~IO~  V/m  and  H  ~105  Oe.  That  is  why  the 
influence  of  electric  and  magnetic  fields  on  wet 
angle  through  change  of  surface  tensions  is 
negligible.  But  external  magnetic  field  impacts  on 
kinetics  of  wetting  and  spreading  of  conductive 
liquid  on  solid  surface  through  the  ponderomotive 
force  /,.(/)  which  can  be  written  as 


' [7*  U=-/ 

C 


II 

V  c  ) 


U,(z)'  (2) 


where  y  -  specific  conductivity,  j  -  current 
density,  c  -  rate  of  light  distribution. 


Acting  on  liquid  layer  through  decreasing  of  free 
surface  energy  volume  external  force  f,{2)  can  be 
shown  as 

r<2)  =  _  )  _  nrk((7Vi  -  cr12 ) 

{ml  p)  (ml  p) 

where  AW,  -  change  of  free  surface  energy  within 
wetting,  <7j  -  free  specific  surface  energies  on  the 
boundary  oi  solid  (/=/)  with  environment  (j-3) 
and  ( j=3 ),  k  -  coefficient  of  roughness. 

Pressure  gradient  is  determined  through  surface 
tension  of  liquid  drop  with  environment  ov,, 
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which  can  be  regarded  as  force  acting  on  unit  of 
length  of  contact  line 

8P  _  2m-a2,  (4) 

dr  {ml  p ) 


of  magneic  field  delaying  the  spreading  process  is 
treated  as  flux  with  effective  viscous  ?]ef.  We  note 
that  meanings  of  mentioned  effective  parameters 
are  dependent  from  changeable  geometric  sizes  of 
drop. 


The  solution  of  equation  (1)  accounting  (2-4)  with 
boundary'  conditions 


vr  (z)  2=0  =  0,  (d ur  /  dz)  imS  =  0  (5) 

is  visible  as 


Keeping  in  mind  received  equation  for  the  rate  of 
conductive  drop  spreading  (7)  one  may  promote 
from  equation 


Y  dr 

j  =-Lh  — 

Jv  c  ‘  dt 


(8) 


the  current  density  j(p  and  using  then  Maxwell’s 
equation  (c  /  4 7l){dhz  /  dr )  =  j ^  (r ) 


according  the  boundary  condition  get  the  equation 
for  the  magnitude  of  strength  of  induced  by 
moving  drop  magnetic  field. 


where  Ha  =  (8m/c)Hz(y/ij),/2  -  Hartmann  number 
serving  as  a  criterion  of  magnetic  field  influence 
on  moving  of  conductive  drop  comparing  with 
influence  of  viscous,  8m  -  characteristic  size 
(height  of  layer  of  coverage). 


Similarly  to  Hartmann  number  H„  let’s  consider 
quantity  kv  =  pgtfm/2Ao  serving  as  criterion  of 
influence  of  gravitational  force  on  process  of 
spreading  of  drop  comparing  to  influence  of 
interface  forces. 


In  cause  of  moving  front  of  conductive  drop  z-8 
and  v,  (z)  =  dr/dt  then  we  have  from  (6) 
dr  _  7ipt8c>efr  _  mAaef 

dt  mrj„f  xpilef^ 5 


mrIef 

( 


where  Acre/.  =  Act 


1  + 


gnr 
2A  <j{tt2  pP) 


Act  =  k(crn  -an)-a23, 


n  h: 


yr  ) 


exp  2  2 Ha  |  +  1  |  exp|  .  2  H 

V 


(7) 


-l 


-a 


-  final  radius  of  circle  wetted  by  liquid  drop. 


It  follows  from  (7)  that  action  of  gravitational 
force  animates  the  spreading  process  that  can  be 
interpreted  as  moving  of  conductive  drop  with 
effective  coefficient  of  spread  A<?ef,  and  that  action 


Then,  particularly,  when  kv«l  Acref^Aa  and 
when  Ha«l  rjefzr]  and  when  r(0)~0.  we’ll  obtain 
from  (7)  the  rule  of  viscous  drop  spreading  with 
taking  into  the  consideration  the  surface  forces 


r 


,  \  1/4 

4mA  o’ 

i 

V  KP  rl  ) 


1/4 


which  is  the  same  result  of  [2]. 
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CALORIMETRIC  RESEARCH  OF  MIXING  ENTHALPIES  IN  LIQUID 
ALLOYS  OF  Al-Ga-Y  TERNARY  SYSTEM 
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The  metallic  yttrium  is  used  as  construction 
material  in  nuclear  reactors  [1],  That  is  why  the 
investigation  of  yttrium  alloys  is  actual. 

In  the  present  work  using  a  method  high- 
temperature  calorimetry  [2]  at  1750  K  for  the 
first  time  are  measured  partial  mixing  enthalpies 
of  yttrium  in  liquid  alloys  of  ternary  system  Al- 
Ga-Y  along  intersections  with  a  constant  ratio 
of  aluminium  and  gallium  atomic  percent 
0,85/0,15;  0,7/03;  0,5/0, 5;  0,3/0, 7  and  0,15/0,85 
for  concentration  area  xY  <  0,6.  Experiments 
were  carried  out  in  an  atmosphere  of  argon  of 
high  cleanliness.  In  work  aluminium  A995, 
gallium  of  mark  Fn000,  yttrium  marks 
"JfHCTujijiaT  imp  tin  MrMii-2"  (99,999%)  were 
used.  As  reference  substance  tungsten  of  class 
A-2  (99,96)  was  used.  Dependence  of  a 
constant  of  a  calorimeter  on  weight  of  melt  in 
crucible  was  approximated  with  linear  function 
by  least  -  square  method.  Partial  enthalpies  for 
overcooled  liquid  yttrium  were  calculated  using 
the  known  equations  of  thermal  balance.  Iligh- 
temperature  enthalpy  components  necessary  for 
calculation  are  taken  from  the  directory  [3],  It  is 
shown,  that  all  ternary  alloys  of  the  investigated 
sections  of  AI-Ga-Y  system  arc  characterized 
by  significant  exothermic  yttrium  partial  mixing 
enthalpy  values  which  decrease  with  increase  of 
the  yttrium  contents.  From  the  received  data  the 
integral  mixing  enthalpies  on  Darken  method 
are  calculated.  Enthalpy  values  for  initial 
double  AlxGai_x  alloys  necessary  for  the  integral 
mixing  enthalpies  calculation  are  taken  from 
[4]. 

Integral  mixing  enthalpies  in  Al-Ga-Y  system 
are  characterized  by  large  exothermic  values 
which  have  maximum  at  yttrium  concentration 
about  0,4  and  gradually  decreases  from  -69 
kJ/mol  for  intersection  0,15/0,85  up  to  -47 
kJ/mol  for  intersection  0,85/0,15.  On  the  basis 
of  the  data  received  for  five  intersections 
integral  mixing  enthalpy  isolincs  are 


constructed  with  step  of  10  kJ/mol .  At  low 
yttrium  content  the  isolines  are  parallel  to  Al- 
Ga  side.  The  area  of  the  maximal  interaction  of 
components  in  system  Al-Ga-Y  is  located  near 
Ga-Y  boundary  [5].  The  thermodynamic 

Y 


behaviour  of  1-Ga-Y  system  is  determined  by 
interaction  of  components  in  Ga-Y  and  Al-Y 
boundaries. 

1.  Terekhova  V.F.,  Savitsky  E.M.  Yttrium.  -M.: 
Nauka.  -  1967. -P.28. 

2.  Nikolaenko  I.V.,  Turchanin  M.A.,  Batalin 
G.I.,  Bieloborodova  E.A.  A  high- 
temperature  calorimeter  for  metallic  melt 
research  //  Ukr.  chim.  zhurn.-1987.-53.-N2 
8.-p.  795-799. 

3.  Kireyev  V.A.  Methods  of  practical 
calculations  in  thermodynamics  of  chemical 
reactions.  M.:  Chimiya,  1975.-533p. 

4.  Batalin  G.I.,  Bieloborodova  E.A.,  Kazimirov 
V.P.  Thermodynamics  and  structure  of  liquid 
alloys  on  a  basis  of  aluminium. -M.: 
Metallurgy,  1983.-160p. 

5.  Dubyna  V.M.,  Bieloborodova  E.A.,  Zinevich 
T.M.,  Kotova  N.V.  The  Mixing  Enthalpies 
of  Ga-Y  Liquid  Alloys  at  1750  K  //  Abstracts 
of  6th  International  School-Conference  " 
Phase  Diagrams  in  Materials  Science  PDMS 
VI-2001  Keiv,  14-20.  X.2001.  -  P.  89-90. 


116 


I.  FUNDAMENTAL  PROBLEMS  OF  MATERIALS  SCIENCE 


INFLUENCE  OF  ULTRASONIC  TREATMENT  ON  STRUCTURE  OF 
ROLLED  Mo  SINGLE  CRYSTALS 
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The  study  of  the  deformation  behaviour  of  b.c.c. 
refractory  metals  single  crystals  revealed  that  at  a 
certain  crystallography  the  initial  orientation  of  the 
crystal  is  maintained  up  to  very  high  degrees  of  total 
reduction.  The  structure  of  the  so  obtained 
monocrystalline  strips  and  foils  subjected  to  a  high- 
temperature  annealing  was  investigated  in  detail.  It 
was  shown,  that  initial  crystal  orientation  is  kept  at 
the  annealing  of  any  duration. 

There  are  some  paper  on  evolution  of  dislocation 
structures  in  metal,  ionic  and  semi-conductor  crystals 
under  the  influence  of  ultrasound  [1].  In  the  present 
work  influence  of  ultrasound  on  structure  of  the 
deformed  (001)[1 10]  monocrystalline  strips  of 
molybdenum  is  investigated. 

Experimental 

Molybdenum  single  crystals  with  growth  axis  [110] 
received  by  an  electron  beam  zone  melting  technique 
were  used.  Monocrystalline  molybdenum  strips  were 
produced  by  rolling  deformation  along  a  (001)  plane 
and  [110]  direction  with  the  total  degree  of  reduction 
of  about  80%. 

Samples  for  tests  were  cut  out  from  the  strips  and  had 
the  sizes  20x30x0.2  mm  accordingly  in  the  directions 
[110],  [T 10]  and  [001].  Ultrasonic  treatment  was 
carried  out  using  ultrasound  generator  of  1  kW  power 
in  frequency  range  25  kHz.  Standard  Laue  X-ray 
technique  along  with  transmission  electron  and  light 
microscopy  was  used  for  the  control  of  the 
molybdenum  single  crystals  structure  at  all  stages  of 
processing.  Foils  for  electron  microscopy 
investigations  were  prepared  by  jet  electropolishing 
in  12%  solution  of  the  sulfuric  acid  in  methanol. 
Study  was  carried  out  on  JEM-100CX  electron 
microscope. 

Results  and  discussion 

As  it  was  shown  in  the  previous  works  [2,  3] 
structure  of  the  deformed  molybdenum  single 
crystals  (Fig.  1)  is  characterized  by  the  high 
dislocation  dislocation  density  (5T010  cm'2), 
presence  of  dislocation  tangles  and  individual 


Fig.  1  Structure  of  the  rolled  molybdenum  (001 )[  1 10] 
single  crystal 

mixed  dislocations  with  Burgers  vectors  of 
1/2«<111>  type  distributed  rather  regular  in  crystal 
volume.  From  the  results  of  chemical  etching  (Fig.  2a 
and  2b)  it  is  visible,  that  the  ultrasound  initiates 
movement  of  dislocations,  and  that  under  the  action 
of  ultrasound  subgrain  boundaries  are  formed.  X-ray 
Laue  analysis  approved  that  samples  after  ultrasonic 


Fig  2.  Micrographs  of  Mo  single  crystal  surface 
(optical  microscopy): 
a.  rolled  single  crystal 
b.  after  ultrasonic  impact 

Electron  microscopic  studies  show  that  ultrasonic 
treatment  leads  to  significant  changes  in  the 
dislocation  structure  of  the  crystal  (Fig. 3).  Now  it  is 
characterised  by  areas,  the  density  of  dislocations  in 
which  has  considerably  decreased  in  comparison 
with  initial  state  and  makes  about  3T0^  cm-2,  and  by 
extended,  extensive  subboundaries  of  a  very  high 
dislocation  density,  consisting  from  short  dislocation 
segments.  By  estimations,  the  dislocation  density  in 
these  subboundaries  is  not  less  than  1012  cm*2.  It  is 
obvious,  that  exact  determination  of  Burgers  vectors 
at  such  dislocation  density  is  impossible,  however  the 
analysis  of  diffraction  contrast  of  electron- 
microscopic  images  allows  to  draw  a  conclusion,  that 
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the  majority  of  the  dislocations  in  the  subboundary 
has  Burgers  vector  of  a<001>  type. 

From  the  reported  data  it  is  obvious  that  at  the 
ultrasonic  impact  on  the  deformed  molybdenum 
samples  starts  the  process  of  polygonization.  A 
number  of  our  works  [2  -  4]  is  related  to  the 
processes  occurring  at  annealing  in  the  specified 
material  in  a  wide  temperature  range. 


Fig.  3.  Structure  of  (001 )[  1 10]  rolled  Mo  single 
crystal  after  ultrasonic  impact 

The  dislocation  structure  is  as  well  investigated  in 
details.  It  has  been  shown  that  annealing  of 
(001 )[  1 10]  molybdenum  monocrystalline  strips  at 
2000°C  resulted  in  polygonization  while  the  processe 
of  recrystallization  is  not  observed.  The  structure  is 
characterized  by  areas  practically  free  of  dislocations 
(with  dislocation  density  ~8-107cnr2)  and  of 
subboundaries  network.  Process  of  polygonization 
passes  through  several  stages  when  the  uniformly 
distributed  dislocation  tangles  of  deformed  crystals 
are  transformed  to  the  subboondaries  consisting  from 
long,  straight  edge  dislocations  parallel  to  the  rolling 
plane  with  Burgers  vector  a/001/.  Molybdenum 
specimens  remain  monocrystalline  with  structure  and 
orientation  of  an  initial  crystal. 

Thus  together  with  some  qualitative  similarity 
(presence  in  dislocation  structure  areas  with  various 
dislocation  density  after  ultrasonic  treatment  that 
specifies  the  beginning  of  polygonization  processes) 
we  can  approve  that  essential  differences  are 
observed  in  the  character  of  dislocation  structures.  It 
is  possible  to  explain  the  results  received  by  an 
influence  of  a  number  of  factors.  In  the  crystals 
containing  defects  there  are  internal  non-uniform 
fields  of  stress.  When  a  harmoniously  varied  stress  is 
applied  to  this  crystal  the  dislocation  segments  should 
cany  out  the  forced  oscillations  [5],  At  combined 
action  of  ultrasound  and  a  constant  stress  not  only 


pel  iodic  but  also  the  forward  movement  of 
dislocations  can  ake  place  resulting  in  their 
redistribution  in  specimen  volume. 

It  is  known  also  [6  -  7],  that  under  the  action  of  an 
ultrasonic  wave,  induced  diffusion  of  vacancies  takes 
place.  As  the  dislocations  serve  as  practically  infinite 
sink  of  point  defects  it  in  turn  can  result  in  significant 
dislocation  cross  slip  and  climb.  It  is  possible  to 
assume  that  observed  effect  is  connected  with 
increasing  of  point  defects  concentration  under  the 
action  of  ultrasonic  processing. 

At  achievement  of  the  certain  amplitudes  of 
ultrasound  the  multiplication  of  dispositions  can 
begin  [1],  Each  segment  of  dislocation  net  can  work 
as  a  source  if  the  stress  exceeds  critical  value  and  the 
slip  plane  of  a  segment  does  not  coincide  with  a 
subboundary  plane.  All  observed  subboundaries  are 
extremely  irregular.  It  can  be  a  sequence  of  presence 
in  a  crystal  of  a  set  of  dislocation  sources  with 
different  length. 

Thus  it  is  possible  to  make  the  following  conclusions: 

1.  Ultrasonic  processing  of  rolled  (001)[1 10] 
molybdenum  strips,  containing  uniformly 
distributed  dislocations  with  density  of 
5-lO^cnr2,  results  in  essential  change  of  the 
dislocation  structures  and  to  formation  of 
polygonal  subboundaries.  The  character  of 
fonned  subboundaries  considerably  differs  from 
that  after  annealing. 

2.  Physical  processes  of  ultrasonic  treatment  can  be 
connected  with  acoustic  induced  diffusion  of 
vacancies  that  facilitates  cross  slip  and  climb  of 
the  dislocations. 
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SINGULARITIES  OF  A  INTERPLAY  KINETICS  FROM  CO-GASES  WITH 

IRON  CATALYSTS 

Kirichenko  A.G.,  Berenda  V.V,  Kolesnik  N.F. 

The  Zaporozhye  state  engineering  academy,  Zaporozhye,  Ukraine 


The  originating  of  carbides  in  process  of  termocata- 
lytic  disintegrating  of  carbon  gases,  in  particular,  of 
white  damp  on  catalysts  from  group  of  iron,  is  of  inter¬ 
est  for  a  number  of  engineering  areas. 

The  review  of  the  known  literaiy  data  testifies  to  ab¬ 
sence  of  the  sufficient  and  reliable  information  about 
the  gear  and  kinetics  of  passing  of  process  of  termo- 
catalytic  disintegrating  of  white  damp  on  iron  catalysts. 

Research  of  a  process  kinetics  of  termocatalytic  dis¬ 
integrating  of  white  damp,  opening-up  of  reactionary 
gas  mixtures  and  analysis  of  the  obtained  yields  con¬ 
ducted  on  a  technique  described  in  activity  [1], 

As  host  materials  the  iron  oxides  are  selected,  as  the 
preliminary  researches  have  shown,  that  the  overlap¬ 
ping  of  recovery  process  with  a  consequent  carbonizing 
allows  to  receive  a  metallical  phase  possessing  high 
catalytic  properties  [2],  In  experience  have  utillized 
clean  materials  (iron  oxide  Fe203)  and  rich  concentrates 
(Olenegorsk  superconcentrate  (OSK)  with  the  contents 
Fe=71,39%). 

Weight  of  a  sample  in  all  experience  made  3- 1 04  kg. 

1.  Influencing  the  components  H2  in  CO-H2-mix 
on  kinetics  of  disintegration  CO. 

Process  of  termocatalytic  disintegration  CO  is  in 
stringent  relation  from  contents  of  hydrogen  in  gas  CO 

-  FF-mix. 

Has  appeared,  that  the  components  of  hydrogen  result 
in  reactionary  gas  not  only  to  essential  increase  of  a 
mean  velocity  of  a  carbonizing  is  model,  but  also  allow 
to  lower  temperature  of  process  -  with  560  °C  up  to  500 
°C.  It  is  necessary  to  mark,  that  the  presence  of  hydro¬ 
gen  is  a  determinative  acceleration  of  termocatalytic 
disintegration  CO:  this  effect  is  exhibited  at  different 
temperatures,  pressure  and  on  different  catalysts,  i.e.  has 
universal  nature  [3]. 

In  figure  1  influencing  the  contents  H2  in  CO-H2-mix 
on  a  kinetics  of  recoveiy  and  carbonizing  of  catalyst  is 
rotined.  The  nature  of  kinetic  curves  speaks  about  dif¬ 
ferent  influencing  of  hydrogen  on  stages  of  synthesizing 

-  recovery  and  carbonizing.  It  is  in  case  of  the  former 
increase  of  the  hydrogen  component  with  0,9  up  to  6,7 
%  results  in  ascending  a  velocity  of  recovery  and  re¬ 
duction  of  an  induction  period,  and  the  velocities  of 


disintegration  CO  for  both  gas  media  appear  practically 
identical.  In  second  -  the  components  of  hydrogen  (up 
to  18,25  %)  not  influencing  noticeably  on  a  velocity  of 
recoveiy,  slow  down  process  of  disintegration  CO  and 
deposition  of  carbon.  The  obtained  experimental  data 
can,  apparently,  find  the  explanation  from  a  stand  of  the 
supposition  of  hydrocarbonyl  complexes  formation. 

Kg/Kg  Fe 


Fig.  1.  Influencing  of  the  hydrogen  contents  in  CO- 
H2-mix  on  a  kinetics  of  recovery  and  carbonizing 
of  iron  catalyst  (t=560  °C).  Digits  at  curves  the 
contents  of  hydrogen  in  a  mix,  %. 

From  this  point  of  view  as  a  result  of  a  hyperthermal 
chemosorption  of  CO  molecules  on  a  fissile  surface  of 
catalyst  there  is  a  formation  and  disintegration  of  com¬ 
posite  reactive  hydrocarbonyl  complexes,  and  velocity 
CO  disintegration  is  proportional  to  their  concentration. 

The  interplay  CO  and  H2  during  a  joint  adsorption 
with  formation  of  hydrocarbonyl  complexes  is  accom¬ 
panied  by  a  maintenance  of  electrons  from  a  surface  of 
catalyst  on  molecular  orbitals  of  arising  connection  C- 
H.  It  results  in  essential  easing  of  connection  C-O  and 
facilitation  of  its  destruction  with  allocation  of  carbon 
atoms.  The  increase  of  hydrogen  concentration  in  a  CO- 
H?-mix  accelerates  formation  of  fissile  catalyst,  that 
results  in  increase  of  a  process  velocity. 

2.  Temperature  effect  and  structure 
of  a  catalysts  material  on  a  interplay  kinetics  of 
iron  with  CO  -  containing  gas 
Investigated  an  iron  oxide  Fe202  and  OSK  at  tem¬ 
peratures  500  and  560  °C,  that  corresponds  to  optimum 
temperatures  of  a  carbonizing.  The  outcomes  of  ex¬ 
periments  indicate  composite  intercoupling  between  a 
kinetics  of  process  and  all  monitored  factors,  in  par¬ 
ticular,  in  temperature  and  contents  of  hydrogen  in  gas. 
In  figure  1  the  reduction  kinetics  and  carbonizings  of 
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oxides  are  adduced  in  case  of  their  processing  by  gas 
from  0,9  %,  6.7  %  and  1 8,25  %  Hi.  The  extreme  nature 
of  a  velocity  relation  from  temperature  confirms  a  hy¬ 
pothesis  about  a  development  of  two  opposite  tenden¬ 
cies  [4]  -  increase  of  temperature  conducts  to  increase  of 
a  velocity  owing  to  increase  of  a  fraction  of  the  produc¬ 
tive  acts  of  CO  molecules  interplay  with  a  surface  of 
catalyst,  though  by  virtue  of  thermodynamic  strength 
increase  of  CO  molecules  quantity  of  these  acts  should 
decrease.  At  some  temperature  these  tendencies  are 
equilibrated  -  there  is  a  maximum  of  a  velocity. 

As  it  is  visible,  FeiOj  are  restored  at  temperature  560 
UC  approximately  for  0.5  hours.  Then  the  continuous 
enough  induction  period  (1.5-2  hours)  is  observed,  upon 
termination  of  which  one  the  intensive  increase  of 
weight  begins  is  model  at  the  expense  of  CO  disinte¬ 
gration  and  deposition  of  carbon.  The  induction  period 
is  characterized  by  appearance  of  carbide  phases,  which 
one  at  the  given  stage  are  dominating  on  a  quantitative 
structure  among  yields  of  interplay.  Only  after  disinte¬ 
gration  of  carbides  the  carbon-black  deposition  begins. 
The  X-ray  analysis  of  yields  demonstrates,  that  terrno- 
catalytic  disintegrating  of  CO  begins,  when  the  proc¬ 
esses  of  recovery'  still  completely  were  not  completed  - 
in  yields  of  recovery  Fe->0?  detected  Fe-,C,  Fe304,  a  - 
Fe. 

For  the  step  analysis  of  a  disintegration  velocity  of  CO 
decay  on  catalysts,  the  experience  on  a  method  "inter¬ 
rupted  experiment"  (fig.  2)  with  the  consequent  X-ray 
diffraction  and  microscopical  analysis  of  the  obtained 
yields  were  done. 

In  the  table  I  the  data  of  X-ray  crystal  analysis  of  re¬ 
covery'  and  carbonizing  of  a  sample  are  shown. 

A  m,  Kg/KgFe 


Fig.  2.  A  kinetics  of  interplay  from  gas  (Hy~-8,5  %) 
with  Fe203  at  t=500  °C.  Points  on  curves  -  mo¬ 
ments  of  experiment  discontinuing. 


The  table  1 


Phase  structure  of  yields  of  recovery  and  carbonizing 


Structure 
of  a  gas 
phase 

\~ 

stages 

Value  of  an  interference  maximum. 

mm 

FeA 

Fe;A 

a-Fe 

FeO 

Fe2C 

C 

Ar 

20  Min 

25 

- 

- 

- 

- 

- 

FL-8,68 

0 

25 

- 

- 

- 

- 

- 

CO-89,8 

1 

- 

2 

- 

- 

- 

- 

- 

Nr  1,41 

2 

- 

35 

- 

- 

- 

- 

. 

-* 

2) 

- 

8 

- 

- 

- 

- 

- 

4 

- 

- 

- 

- 

15 

20 

Fe-,,iG 

5 

- 

- 

- 

- 

27 

108 

Fe:,C 

The  tentative  datas  allow  to  suspect,  that  the  essence 
of  the  gear  of  carbides  formation  is  reduced  to  a  gen¬ 
eration  of  structural  and  electronic  defects  in  crysta 
lattices,  bound  with  dissolution  of  carton  in  an  iron 
matrix,  change  of  a  power  condition  of  their  surface,  tc 
creation  of  favourable  requirements  for  development  of 
adsorptive  -  desorptive  processes  and  formation  of  car¬ 
bides  germs. 

In  general,  influencing  on  a  kinetics  of  CO  disintegra¬ 
tion  temperature,  kind  of  catalyst  and  the  contents  H2  ir 
CO-H2  of  a  mix  is  in  composite  of  relation:  to  each  kinc 
of  catalyst  there  corresponds  optimum  temperature  and 
particular  structure  CO-FT-mix. 

The  combined  effect  of  these  factors  has  an  effect  that 
optimum  requirements  of  carbides  synthesizing  are: 
temperature  500  °C  and  1 5-20  %  FL  in  reactionary  gas. 
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AB-INITIO  STUDY  OF  THE  IMPURITY  EFFECTS  IN  NIAL: 
FROM  ELECTRONIC  AND  CRYSTAL  STRUCTURE  TO 
MECHANICAL  PROPERTIES 

Medvedeva  N.I. 

Institute  of  Solid  State  Chemistry,  Ural  Branch  of  RAS,  Ekaterinburg,  Russia 


The  simulation  of  the  fracture  and  deformation 
behavior  was  carried  out  within  full  potential 
LMTO  method  for  ternary  NiAl  alloys  with 
substitutional  impurities  and  compared  with 
undoped  NiAl.  The  description  of  brittle  vs.  ductile 
behavior  was  performed  in  terms  of  the  Rice- 
Thomson  approach  based  on  a  comparative  analysis 
of  two  competing  processes:  (i)  the  opening  of  the 
crack  and  (ii)  the  emission  of  a  dislocation  near  the 
crack  tip.  The  resistance  to  dislocation  emission  at  a 
crack  tip  may  be  measured  by  the  maximum  energy 
associated  with  the  sliding  of  atomic  planes  This 
parameter,  so  called  unstable  stacking  fault  energy 
Yus,  is  determined  by  extremal  properties  of  the  y- 
surface,  namely,  the  energy  of  the  generalized 
stacking  fault  (GFS)  associated  with  a  rigid  shift  of 
one-half  of  the  crystal  along  some  direction  in  the 
slip  plane. 

Thus,  both  processes  were  analysed  by  the 
comparison  two  energy  characteristics:  the 
theoretical  cleavage  (ys)  and  the  unstable  stacking 
fault  (Yus)  energies  which  were  calculated  in 
supercell  approach  as  the  energies  required  to 
cleave  bulk  crystal  and  to  shift  the  part  of  crystal 
along  some  directions  in  the  slip  plane, 
correspondingly. 

The  calculated  ys/Yus  ratios  are  large  (>10)  and 
cleavage  type  of  the  crack  propagation  should  be 
expected  in  NiAl,  that  means  its  intrinsic 
brittleness.  Based  on  the  y-surface  corresponding  to 
the  most  important  slip  modes  in  NiAl,  the  structure 
of  the  dislocation  core  was  constructed  in  the  scope 
of  the  Peierls-Nabarro  model  with  a  generalized 
restoring  force  law.  The  <111>{110}  dislocations 
in  NiAl  were  shown  to  have  compact  core  and  are 
not  splitted  into  two  superpartials,  in  contrast  with 
FeAl.  Estimates  of  the  Peierls  stress  yield  the 
correct  preferred  slip  systems  for  NiAl  (<100> 
{110})  and  for  FeAl  (<  1 1 1  >  {110}). 

The  mechanical  properties  of  NiAl  strongly  depend 
on  the  presence  of  the  ternary  additions  which 
might  be  able  to  change  such  characteristics  as 
ductility,  fracture  type,  oxidation  behavior.  By  now 
there  are  two  ways  for  improving  the  mechanical 
properties  of  NiAl:  intrinsic  -  when  there  is  small 
percent  of  ternary  additions  -ternary  alloys  and 


extrinsic  -  eutectic  composites  where  the 
microscopic  fibers  (rods)  or  lamellae  (plates)  of 
refractory  element  added  to  NiAl  matrix.  The 
mechanism  of  the  impurity  effects  on  the 
mechanical  properties  of  intermetallics  is  rather 
complicated  and  includes  direct  and  indirect 
reasons:  the  variation  of  phase  equilibrium,  vacancy 
concentration,  the  solubility  of  interstitial 
impurities,  appearance  of  antisite  defects,  solid 
solution  hardening  and  other  effects.  However,  first 
of  all,  the  alloying  atom  can  alter  the  local 
electronic  structure  i.e.  alter  the  energy 
characteristics  which  determine  the  dislocation 
mobility  and  bonding  characteristics,  which  can 
change  the  fracture  behavior  and  type  of  ordering 
and  therefore  grain  boundary  and  ductile  properties. 

The  electronic  structure  of  NiAl  doped  with  Ti,  V, 
Cr,  Mn,  Fe,  Co,  Y,  La  and  Zr  additions  in  both 
sublattices  was  investigated  with  the  local  density 
FLMTO  method.  The  peculiarities  of  chemical 
bonding  for  both  undoped  and  with  some  ternary 
additions  in  NiAl  alloy  were  analyzed  using  the 
LMTO-Green  function  method.  The  bonding 
characteristics  for  ternary  alloys  strongly  depend  on 
whether  the  impurity  occupies  A1  or  Ni  sites.  The 
density  of  states  at  Fermi  level  almost  does  not 
differ  from  the  value  for  undoped  NiAl  for  all 
impurities  substituted  at  the  Ni  site.  More  striking 
differences  in  the  electronic  structure  and  bonding 
parameters  were  found  for  3d-impurities 
substituting  A1  sites:  they  lead  to  a  shift  of  Fermi 
level  to  the  low  energy  region  and  to  a  substantial 
increase  of  N(EF).  Our  results  indicate  that  Cr  and 
Fe  ternary  additions  might  improve  the  mechanical 
properties  of  NiAl  due  to  the  reduction  of  the  bond 
strength. 

Based  on  the  total  energy  calculations,  we 
determined  the  preferable  sublattices  for  a  wide 
number  of  additives.  We  showed  that  the  crystal 
relaxation  around  the  impurity  has  an  elastic  nature 
and  correlates  with  the  difference  between  the  ionic 
radii  of  substituting  and  host  atoms.  The  sensitivity 
of  preferable  site  energies  to  the  crystal  relaxation 
effects  was  investigated.  The  relaxation  effect  is 
large  for  Y,  La  and  Zr  additions  and  leads  to  a 
decrease  of  the  preferred  site  energies  for  these 
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atoms.  However,  it  does  not  change  the  sequence  of 
additives  calculated  in  the  frozen  lattice  and  of 
course  the  preferable  sublattice.  The  relaxation 
energies  for  the  3d  transition  metals  are  small,  but 
for  Fe  doped  NiAl  it  might  be  important  enough  to 
alter  the  preferred  site  because  the  preference 
energy  for  Fe  substitution  in  Fe-rich  alloys  is  very 
small. 

Within  large  supercells  the  calculations  of  cleavage 
(ys)  and  the  unstable  stacking  fault  (yus)  were 
performed  for  Cr,  Fe,  Ti  and  Mo  impurities  and 
vacancies  substituted  in  A1  sublattice.  The 
calculations  of  cleavage  energies  for  ternary  alloys 
showed  that  the  appearance  of  Cr  and  Mo 
impurities  on  the  fracture  {110}  plane  of  NiAl 
results  in  the  increase  of  ys  and  do  not  change  the 
habit  crack  plane.  The  calculated  cleavage  energies 
for  ternary  alloys  were  found  to  correlate  with 
surface  energies  of  correspondent  ternary  metals 
and  bond  strength  of  NiM  (M=Cr,  Ti,  Fe,  Mo) 
alloys. 

The  unstable  stacking  fault  energies  ya5  for  <100> 
{110}  slip  with  these  impurities  on  sliding  plane  are 
higher  than  for  undoped  NiAl.  There  were  a  lot  of 
experimental  and  theoretical  efforts  to  use  Cr  for 
improving  ductility  and  for  modification  of  slip 
system.  We  found  that  the  Cr  substitutional 
impurity  leads  to  lower  value  of  y^  for  a/2  <11 1> 
{100}  (antiphase  boundary  energy- APB),  but  its 
value  increase  for  the  main  deformation  mode 
<100>{  1 10}.  The  minimum  of  yus  was  obtained  for 
Fe  alloying.  The  comparison  of  the  ys/y^  ratios  for 
ternary  NiAl  alloys  allow  to  make  the  conclusion 
that  according  to  the  Rice-Thompson  criteria  only 
Fe  impurity  has  the  tendency  to  improve  the 
ductility  of  NiAl.  The  vacancies  result  in  a  decrease 
both  cleavage  and  shear  energies,  but  their 
influence  is  less  then  the  effect  of  impurities.  One 
may  conclude  that  large  effects  of  ternary  additions 
on  mechanical  properties  are  possibly  due  to  the 
segregation  of  impurity  atoms  and  indirect 
mechanisms. 

Another  perspective  way  for  improving  the 
mechanical  properties  of  NiAl  is  the  eutectic 
composites  based  on  NiAl  with  the  second  phase 
containing  refractory  (Mo,Cr,V)  fibers  or  plates.  It 
was  found  that  the  room-temperature  fracture 
toughness  of  these  eutectics  can  achieve  2-3  times 
higher  than  for  single  NiAl  crystals.  First-principle 
FLMTO-calculations  have  been  performed  to  study 
the  electronic  structure  and  fracture  behavior  of 
NiAl/Mo  eutectic.  The  geometry  of  the  NiAl/Mo 
interface  was  modelled  with  three-dimensional 


periodic  boundary  conditions  containing  a  sequence 
of  (5+3)  layers  of  NiAl  and  Mo  stacked  in  (001) 
direction.  The  calculations  included  all  possible 
types  of  interface  formation  and  the  incoherency  of 
interface  was  taken  into  account  adding  elastic 
deformations  of  both  parts  of  interface. 

Cleavage  energies  were  obtained  from  the 
dependences  of  interfacial  energy  (adhesion)  from 
the  separation  between  NiAl  and  Mo  parts  and 
triclinic  supercell  with  variable  vector  c  was 
considered  for  the  calculation  of  shear  process  for  a 
full  fault  vector  <  1 00>  { 1 00 } .  The  calculations  were 
performed  for  three  cases:  (i)  only  Mo  part  is 
strained,  (ii)  only  NiAl  part  is  strained  and  (iii)  both 
Mo  and  NiAl  parts  are  strained  according  to  elastic 
theory.  The  calculated  equilibrium  constant  of  NiAl 
(or  Mo)  was  used  in  the  lateral  plane  for  cases  (i) 
and  (ii)  and  the  vertical  positions  of  Mo  (or  NiAl) 
atoms  were  taken  from  the  optimization  of  total 
energy  for  strained  Mo  (or  NiAl)  bulk.  Crystal 
parameters  of  interface  NiAl/Mo  in  case  (iii)  were 
obtained  using  elastic  approach. 

For  all  cases  the  cleavage  energies  (adhesion)  are 
higher  for  Ni-terminated  case.  It  is  in  an  agreement 
with  the  results  for  NiAkMo  ternary  alloys,  where 
we  obtained  that  Mo  addition  substitutes  for  A1  and 
therefore  Mo-Ni  interaction  is  more  preferable  than 
Mo-Al. 

Taking  into  account  the  energy  required  for 
straining  we  obtained  that  the  maximum  of 
cleavage  energy  corresponds  to  the  case  (iii),  where 
both  parts  of  interface  were  strained.  The  cleavage 
energy  for  interface  was  obtained  to  be  less  than 
that  for  Mo  and  approximately  equal  one  for  NiAl. 
The  calculated  ys/yus  ratios  show  that  the  ductile 
properties  at  interface  would  not  be  worse  than  for 
NiAl.  It  means  that  ideal  interface  plane  is  not 
preferable  place  for  crack  propagation  and  the 
debonding  is  rather  connected  with  defects  and 
impurities.  The  efforts  to  enhance  strength  of 
interface  and  ductility  of  Mo  phase  by  Re  and  Ti 
alloying  are  considered  within  16-Mo-atoms 
supercell.  For  the  better  understanding  of  the 
mechanism  of  impurity  influence  the  bulk  and 
Young  moduli  were  calculated  for  different  Re  (Ti) 
concentrations  in  Mo  bulk. 

Finally,  this  approach  is  not  only  able  to  give  the 
information  about  both  the  electronic  and  crystal 
structures  but  also  allows  to  make  the  prediction 
and  explanation  of  mechanical  properties  based  on 
the  calculated  cleavage  and  shear  energies. 
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Computer  simulation  of  the  crack  nucleus  orientation  effect  on 
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Conception  on  the  crack  nucleus  (submi¬ 
crocracks)  as  elementary  defects  of  lattice  under¬ 
lies  modem  physical  theory  of  brittle  (quasi-brittle) 
fracture.  Brittle  fracture  of  solids  arises  from  the 
crack  nucleus  unstable  equilibrium  and  cata¬ 
strophic  propagation.  These  defects  play  an  im¬ 
portant  role  in  the  theory  of  fracture  just  as  dislo¬ 
cations  are  the  comer  stone  of  the  theory  of  plastic 
deformation.  Now,  regularities  of  crack  length  in¬ 
fluence  on  fracture  stress  are  studied  most  thor¬ 
oughly.  This  is  due  to  the  fact  that  the  crack  nu¬ 
cleus  length  is  determined  by  sizes  of  microstruc- 
tural  constituents  in  metals  and  alloys.  The  crack 
nucleus  ensemble  that  forms  in  metal  as  a  result  of 
plastic  deformation  is  characterises  not  only  by 
crack  lengths  distribution  but  also  by  their  orienta¬ 
tion  spatial  distribution.  Effect  of  distribution  of 
the  crack  nucleus  orientations  on  brittle  fracture  of 
polycrystalline  metals  is  not  yet  investigated. 

The  aim  of  this  paper  is  to  show  what  macroscopic 
effects  at  brittle  fracture  may  be  attributed  to  the 
crack  nucleus  orientation  distribution. 

Computer  simulation  was  carried  out  on  the  basis 
of  model  of  quasi-brittle  fracture  of  polycrystalline 
metals  that  enables  to  take  into  account  peculiari¬ 
ties  of  structure  and  stress-strain  state  of  polycrys¬ 
talline  aggregate  as  well  as  regularities  of  crack 
nucleation  and  catastrophic  propagation  in  metal. 
The  crack  nucleus  are  sensitive,  mainly,  to  the 
level  of  tensile  stresses  acting  normally  to  crack 
plane.  Dependence  of  critical  tensile  stress  level  on 
the  value  of  angle  between  tensile  stress  and  crack 
plane  is  the  consequence  of  this  property.  The 
crack  nucleus  open  in  certain  crystallographic 
planes.  It  means  that  the  crack  nucleus  orientation 
distribution  depends  on  kind  and  parameters  of 
crystallographic  texture.  Therefore,  two  effect  are 
analysed,  namely: 

•  Increase  in  brittle  strength  of  steel  after  tensile 
straining; 

•  Brittle  strength  anisotropy  due  to  plastic  de¬ 
formation. 

According  to  computer  simulation  findings  and 
experimental  data,  brittle  strength  RMC  of  steel 


wire  rises  with  raise  in  the  value  of  its  deformation. 
At  true  strains  that  don’t  exceed  0.9  decrease  in  the 
maximum  value  of  angle  between  wire  axis  and  the 
crack  nucleus  plane  is  the  main  reason  for  RMC 

growth.  The  value  of  this  angle  is  predetermined 
by  the  value  of  texture  scattering  that  fall  with 
raising  in  plastic  pre-strain.  In  the  case  of  perfectly 
sharp  texture  this  angle  is  equal  to  30°. 

At  plastic  deformation  by  upset  inverse  effect  is 
observed  namely  brittle  strength  of  deformed  metal 
decreases.  Physical  interpretation  of  this  effect  is 
given  in  report.  It  is  shown  that  texture  that  forms 
after  upset  gives  rise  to  increase  in  the  value  of 
angle  between  the  crack  nucleus  opening  plane  and 
normal  stress  direction  [1].  Decrease  in  the  value 
of  critical  stress  of  the  crack  nucleus  unstable 
equilibrium  is  the  result  of  above  mentioned. 

Anisotropy  in  the  value  of  brittle  strength  of  tex¬ 
tured  polycrystalline  metal  is  one  of  the  striking 
effects  related  to  the  non-uniform  distribution  of 
the  crack  nucleus  orientations.  It  is  demonstrated 
that  texture  mode  of  metal  determines  parameters 
and  type  of  distribution  function  for  the  crack  nu¬ 
cleus  orientations.  Findings  of  computer  simulation 
of  brittle  fracture  of  iron  with  axial  texture  in  lon¬ 
gitudinal  and  transversal  directions  are  represented. 
Calculated  data  were  compared  with  experimental 
ones. 

Effect  of  influence  of  dislocation  microstresses  on 
the  crack  nucleus  unstable  equilibrium  is  consid¬ 
ered.  It  is  shown  that  solely  microstresses,  which 
act  within  the  region  where  the  crack  nucleus  form 
and  at  the  moment  of  nucleation,  influence  essen¬ 
tially  the  crack  nucleus.  It  is  ascertained  that  de¬ 
gree  of  such  influence  depends  on  the  crack  nu¬ 
cleus  orientation. 
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Crack  nucleus  are  fundamental  structural  defects. 
They  play  the  same  role  in  fracture  physics  as  dis¬ 
locations  in  the  theory  of  plastic  deformation. 
Elaboration  of  criterion  of  the  crack  nucleus  unsta¬ 
ble  equilibrium  is  main  problem  of  modem  frac¬ 
ture  physics. 

By  conventional  approach  to  this  problem,  mac¬ 
rocracks  ’  properties  transfer  on  the  crack  nucleus 
behaviour.  According  to  such  approach,  force  and 
energetic  criterion  of  the  crack  nucleus  unstable 
equilibrium  are  the  same  (equivalent)  at  brittle 
fracture  [1],  It  is  shown  in  this  report  that  for  the 
crack  nucleus  oriented  normally  to  tensile  stress 
direction  force  and  energetic  criterion  are  the  same 
accurate  to  the  constant.  It  gives  rise  to  many  diffi¬ 
culties  when  selecting  criterion  for  the  crack  nu¬ 
cleus  catastrophic  propagation.  At  the  same  time, 
dependences  of  the  value  of  critical  stress  on 
the  angle  a  (between  the  normal  to  crack  nucleus 
plane  and  tensile  stress  direction)  differ  signifi¬ 
cantly  for  two  these  criteria  (Figure  1). 

It  is  follows  from  these  dependences  that  at  a  >  0 
the  necessary  condition  (gain  in  energy)  of  the 
crack  nucleus  growth  occurs  earlier  (at  less 
stresses)  than  sufficient  one  (break  of  atomic  bonds 
at  crack  tip).  This  is  because  at  a  >  0  shear 
stresses  affect  on  crack  lips.  These  stresses  con¬ 
tribute  to  the  value  of  elastic  distortion  energy  ac¬ 
cumulated  at  the  crack  nucleus  tip,  however,  they 
doesn’t  influence  the  value  of  tensile  stresses  that 
are  necessary  for  atomic  bonds  break  at  the  crack 

tip. 

Ratio  of  normal  and  shear  stresses  affected  the 
crack  nucleus  changes  at  transition  from  uniaxial 
to  bi-  and  triaxial  tension.  Use  of  force  criterion  of 
the  crack  nucleus  unstable  equilibrium  enables  to 
describe  correctly  effect  of  brittle  strength  fall  ob¬ 
served  in  this  case. 

An  attempt  was  made  in  this  report  to  develop  cri¬ 
terion  of  the  crack  nucleus  unstable  equilibrium 
based  on  conditions  of  atomic  bonds  break  at  the 
crack  tip.  To  this  end,  concept  of  critical  energy 
density  in  crystal  offered  earlier  [2]  was  applied. 
According  to  this  concept,  fracture  of  crystal  at  the 
crack  nucleus  tip  occurs  when  energy  density 
reaches  its  critical  value  that  is  equal  to  sublima¬ 
tion  energy  for  one  (separate)  gram-atom.  This 


approach  has  allowed  to  estimate  the  value  of  spe¬ 
cific  energy  of  fracture  of  crystal  at  the  crack  nu¬ 
cleus  tip.  It  is  ascertained  that  without  plastic  re¬ 
laxation  of  stresses  at  the  crack  nucleus  tip  the 
value  of  specific  energy  of  fracture  exceeds  the 
value  of  specific  surface  energy  of  crystal. 

Investigation  findings  show  that  unlike  macro¬ 
scopic  cracks,  force  and  energetic  criteria  of  unsta¬ 
ble  equilibrium  for  the  crack  nucleus  are  not  iden¬ 
tical.  Necessary  condition  (gain  in  energy)  of  the 
crack  nucleus  growth  is  fulfilled  at  stresses  less 
than  those  for  sufficient  condition  (atomic  bonds 
break  at  the  crack  tip).  Estimations  carried  out 
shows  that  ratio  of  these  stresses  might  amount  to 
twofold  value. 


Figure  1.  The  crack  nucleus  orientation  effect  on 
the  relative  value  of  critical  stress  of  the  crack  nu¬ 
cleus  unstable  equilibrium. 
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The  behaviors  of  porous  materials  hardening  de¬ 
pend  on  evolution  of  porosity  and  hardening  of 
solid  phase  of  porous  body  during  deformation. 
The  strain  rate  and  degrees  of  strain  exert  a  sub¬ 
stantial  effect  on  these  processes. 

The  influence  of  strain  rate  on  densification  and 
hardening  of  porous  materials,  expressing  in  struc¬ 
ture  change,  is  connected  with  properties  change 
both  during  deformation  and  after  it. 

It  is  known,  that  deformation  strength  of  compact 
metals  increases  with  growing  of  strain  rate.  This 
is  due  to  greater  degree  of  metal  hardening  under 
alike  value  of  plastic  deformation.  The  studies  of 
this  question  for  powdered  sintered  materials  are 
insufficient  and  carry  the  inconsistent  nature. 

The  aim  of  our  work  is  an  experimental  study  of 
strain  rate  influence  on  densification  and  hardening 
of  porous  blanks  under  axial  compression. 

The  experiments  on  axial  compression  were  exe¬ 
cuted  on  cylindrical  samples  with  a  diameter  of  7,8 
mm  and  height  of  15  mm.  The  samples  with  poros¬ 
ity  within  6-20%  produced  from  copper  powder 
IIMC-1  by  the  method  of  cold  bilateral  compres¬ 
sion  on  hydraulic  press  and  the  following  sintering 
at  960°C  in  vacuum  for  one  hour  are  studied  for 
peculiarities  of  their  strain  and  rate  hardening.  The 
axial  compression  was  executed  on  universal  test¬ 
ing  ZD-4  machine.  The  fluoroplastic  film  with 
thickness  of  0,12  mm  served  as  lubrificant.  The 
samples  were  deformed  before  degrees  of  strain 
about  30%.  The  Strain  rates  were  0,002  s'1;  0,01s'1; 
0,02  s'1. 

The  studying  of  strain  rate  influence  on  evolution 
of  porosity  execute  by  the  way  of  axial  compres¬ 
sion  of  samples  with  different  initial  porosity  up  to 
various  degrees  of  strain.  The  current  porosity  is 
defined  by  hydrostatic  weighting. 

The  values  of  porosity  depending  on  strain  under 
different  strain  rates  are  presented  in  a  fig.  1 . 

As  it  can  be  observed  the  different  nature  of  sam¬ 
ples’  densification  with  various  initial  porosity  is 
obviously  during  deformation.  If  a  densification 
rate  of  samples  with  porosity  less  then  13% 
changes  slightly,  the  densification  of  porous  sam¬ 
ples  (0O  >13%)  is  more  intensity,  but  hinders  under 


degree  of  strain  about  18%.  This  fact  is  explained 
by  formation  of  closed  pores. 

0,% 


Fig.  1 .  Porosity  -  strain  depends  during  axial 
compression  of  porous  copper: 

1  -  s  =  0,002s'1;  2  -  s  =  0,01s'1;  3  -  e  =  0,02s'1; 
a  -  0  =  6%;  ■-  0  =  10%;  o  -  0  =  13%;  m-0=  15%; 
o-0  =  20%; 

As  it  is  seen  from  fig.l  that  under  initial  porosity 
of  6%  and  degrees  of  strain  of  5  and  10%  the 
changing  of  porosity  of  samples  is  small  and  prac¬ 
tically  constant.  Under  initial  porosities  15  -  20% 
and  strains  5-10%  the  reduction  of  porosity  is  also 
small.  With  strain  increasing  the  changing  of  po¬ 
rosity  is  more  intensively. 

The  strain  rate  influence  is  shown  in  activation  of 
densification  process.  The  increasing  of  strain  rate 
results  in  reducing  of  porosity  at  constant  value  of 
strain.  The  lower  position  level  of  porosity-strain 
curves  evidences  about  it. 

With  increasing  of  strain  rate  more  intensive  densi¬ 
fication  of  samples  (even  for  materials  with  poros¬ 
ity  less  then  13%)  takes  place  in  all  investigated 
range  of  strains.  Rate  influence  of  strain  rate  to 
evolution  of  porosity  the  degree  of  strain  about 
1 5%  is  critical.  It  is  possible  to  consider  that  under 
greater  degrees  of  strain  the  reduction  of  porosity 
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and  hardening  of  solid  phase  occurs.  This  is  con¬ 
firmed  by  fig.l  dependences,  showing  that  reduc¬ 
ing  of  porosity  and  growing  of  the  solid  phase 
hardening  accompany  increasing  of  strain  rate  and 
degree  of  strain. 

The  authors  [2]  propose  to  take  into  account  sensi¬ 
tivity  of  material  to  strain  rate  by  the  way  of  con¬ 
sideration  of  rate-hardening  factor  k.  According 
this  hypothesis,  the  rate-hardening  factor  increases 
with  growing  its  sensitivity  to  strain  rate. 

For  the  three  values  of  strain  rate  the  dependencies 
o  =  f(i)  are  obtained  (fig.2). 


Fig.2.  Stress-strain  rate  dependencies:  1-e  =  5%; 

2-6  =  10%;  3-e  =  15%;  4-c  =  20%;  5-s  =  30%; 

- 9o  =  6%; - e0  =  20% 

Proceeding  from  obtained  dependencies  (fig.2),  the 
hardening  of  material  with  initial  porosity  of  6%  is 
characterized  the  united  rate-hardening  factor 
ft=0,16.  This  factor  will  stay  unchangeable  with 
strain  growing.  The  parallelism  of  corresponding 
lines  of  cr  =  f(e)  dependencies  evidence  about  it. 
These  data  evidence  about  that  under  initial  poros¬ 
ity  of  6%  and  further  its  reduction  during  deforma¬ 
tion  the  growth  of  hardening  takes  place  for  ac¬ 
count  of  solid  phase  deformation. 

The  increasing  of  initial  porosity  to  20%  results  in 
the  broken  nature  of  a  =  f{s)  dependencies.  The 
bend  occurs  at  strain  rate  of  0,01  s'1.  There  are  two 
stages  in  all  dependencies.  The  first  stage  charac¬ 
terizes  rate  hardening  of  porous  copper  when  strain 
rate  increases  from  0,002s'1  to  0,01s'1;  the  second 
stage  -  when  strain  rate  increases  from  0,01s'1  to 
0,02s'1.  The  rate-hardening  factor  in  the  first  stage 
is  bigger  than  in  the  second  stage.  Its  value  for  the 
first  stage  equals  0,21  at  degree  of  strain  about  5%, 
k= 0,51  at  degree  of  strain  about  30%.  For  the  sec¬ 
ond  stage  this  factor  changes  within  0,088  -  0,1 1. 


The  obtained  data  are  consistent  with  the  porosity 
-  strain  dependencies,  when  at  degrees  of  strain  20 
and  30%  and  initial  porosity  of  20%  the  reducing 
of  porosity  is  slightly  too. 

Under  source  porosity  of  20%  the  rate-hardening 
factor  turns  out  to  be  sensitive  to  changing  of 
strain.  The  increasing  of  degree  of  strain  results  in 
growing  of  rate-hardening  factor  from  0,21  at  de¬ 
gree  of  strain  of.5%  to  0,51  at  strain  of  30%  at  first 
stage  and  it  remains  practically  constant  under 
same  degrees  of  strain. 

Proceeded  from  obtained  patterns,  it  can  be  sup¬ 
posed  that  one  of  the  parameters  defining  sensitiv¬ 
ity  of  porous  copper  to  change  strain  rate  is  poros¬ 
ity.  The  growing  of  initial  porosity  of  deformed 
body  results  in  increasing  its  sensitivity  to  strain 
rate. 

It  can  be  also  noted,  that  rate-hardening  factor  k  for 
initial  porosity  of  6%  equals  to  0,16.  It  turns  out  to 
be  less  this  factor  porosity  about  20%  on  first  stage 
and  more  on  second  stage  under  all  degrees  of 
strain.  Thereby,  for  estimation  of  sensitivity  of  po¬ 
rous  body  to  change  of  strain  rate  it  can  be  possible 
to  use  the  rate-hardening  factor,  either  as  for  com¬ 
pact  material. 

The  rate-hardening  factor  increases  with  growing 
of  initial  porosity  of  material.  Under  investigated 
loading  scheme  the  porosity,  reducing  during  de¬ 
formation,  acts  as  hardening  factor,  which  influ¬ 
ence  became  stronger,  than  strain  rate  higher. 

Analyze  of  strain  rate  influence  on  densification 
and  hardening  processes  is  presented.  It  is  shown 
that  densification  process  depends  on  evolution  of 
porosity  during  axial  compression.  The  rate¬ 
hardening  factor  is  used  for  characterizing  of  mate¬ 
rial’s  sensitivity  to  strain  rate.  The  reduction  of 
porosity  with  increasing  of  strain  rate  and  com¬ 
pression  strain  is  shown. 
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The  searches  of  efficient  photoconverters  of  solar 
energy  are  actual  at  present  day.  The  choice  of, a 
type  of  photoconverter  depends  on  many  factors. 
The  most  important  from  them  are:  the  connection 
of  low  cost  and  high  efficiency  of  a 
photoconverter;  the  use  of  a  crystal  or  thin  film 
semiconductor  substrate;  techniques  of  a  p-n 
junction  formation. 

The  InSe  compound  is  of  great  interest  among 
many  semiconductors,  which  are  used  in  the  solar 
power.  Indium  monoselenide  belongs  to  materials 
with  a  layered  crystal  structure.  This  structure 
reflects  a  fact  of  the  existence  of  two  types  of 
chemical  bonds  between  atoms  in  it.  A  single 
layer  is  the  sandwich  of  four  monatomic  planes  in 
the  succession  chalcogen-metal-metal-chalcogen 
in  which  the  strong  covalent  bonds  between  the 
atoms  is  realized.  In  such  a  layer  all  the  chemical 
bonds  are  saturated,  therefore  the  interaction 
between  the  layers  is  realized  by  weak  Van  der 
Waals  forces.  This  means  that  InSe  can  be  easily 
cleaved  onto  enough  thin  plates,  which  combine 
in  themselves  simultaneously  the  properties  of  the 
crystal  structure  and  the  possibilities  of  a 
preparation  of  thin  InSe  films  of  some  microns  in 
thick.  The  surface  of  the  cleaved  plates  is  mirror¬ 
like  and  inert  to  chemical  adsorption  in  the 
environment.  So,  it  does  not  need  any  mechanical 
or  chemical  treatment. 


It  is  known  that  the  InSe  energy  gap  is  1 .2  eV  at 
room  temperature  [1]  and  from  the  point  of  view 
of  the  theoretical  efficiency  of  photoconversion 
[2]  this  compound  is  optimum  for  using  as  a 
photoconverter.  The  previous  investigations  of  the 
conversion  efficiency  were  carried  out  for  the 
materials  of  both  n-  and  p-type  conductivity  of 
InSe  [3,  4].  In  both  the  above-mentioned  articles 
gold  was  used  as  material  for  the  preparation  of 
the  photoconverters  that  raises  their  cost.  The 
maximum  efficiency  of  the  photoconversion  is  2.5 
%  for  the  Au  -  n-InSe  Schottky  diodes  [3]  and 
10%  for  ITO  -  p-InSe  heterojunctions  [4],  An 
obstacle  for  receiving  higher  values  of  the 


conversion  coefficient  is  the  overcoming  of  series 
resistance  of  the  cells  that  is  a  consequence  of  the 
layered  crystalline  structure.  Note,  that  the  authors 
of  [3]  had  used  for  the  preparation  of  the  solar 
cells  the  InSe  substrates  with  a  thickness  60  to  85 
pm,  and  in  [4]  -  less  than  20  pm. 

In  this  report  the  new  approaches  to  the  formation 
of  potential  barrier  of  InSe  based  photoconverters 
to  lower  their  series  resistance  and  to  the 
preparation  of  ohmic  contacts  are  proposed.  These 
approaches  are  much  simpler  and  cheaper  than  the 
methods  known  in  the  literature.  During  the  diode 
structure  preparation  as  a  substrate  we  have  used 
the  InSe  ingots  grown  by  the  Bridgman  method 
and  doped  with  cadmium  for  obtaining  the  hole 
conductivity.  A  substrate  thickness  was  0.3  to  0.5 
mm.  The  substrates  were  placed  into  an  electric 
furnace  with  controlled  and  stabilized  temperature 
and  thermally  oxidized  at  a  temperature  between 
450  and  500°C  at  an  oxidation  duration  from 
several  minutes  to  several  hundreds  of  hours.  The 
oxidation  leads  to  the  formation  of  oxide  film  on 
the  InSe  surface.  The  oxidized  samples  were 
divided  onto  two  halves  with  a  razor  blade  and  cut 
off  from  all  the  sides  with  the  object  of  the 
elimination  of  p-n  junction  closings.  The 
heterojunctions  thickness  was  done  about  100  pm 
by  of  the  consecutive  cleaving  the  crystal  layers. 
It  is  established  that  the  oxide  film  on  an  InSe 
substrate  has  the  properties,  which  are  identical  to 
the  ln203  film  characteristics:  it  has  metallic 
conductivity  and  high  transparency.  The  film 
thickness  can  vary  in  wide  limits.  Its  colour  that 
varies  depending  on  the  oxidation  time  is 
evidence  of  it.  For  all  the  oxidation  conditions  the 
potential  barrier  formation  was  observed  at  the 
oxide- semi  conductor  interface.  Under 

illumination  of  the  created  oxide -p-lnSe  structures 
the  maximum  value  of  open  circuit  voltage  (Uoc) 
was  registered  on  the  level  of  0.6  to  0.62  V.  This 
value  is  although  the  biggest  one  known  from  the 
literature  data.  It  is  established  that  besides  the 
formation  of  a  surface  oxide  film,  which  plays  a 
role  of  a  heterojunctions  active  element,  the 
oxygen  diffusion  into  the  depth  of  crystal  also 
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takes  place.  This  diffusion  leads  to  a  significant 
decreasing  photoconverter  series  resistance. 
Besides,  additional  cleaving  the  substrate  layers 
can  decrease  the  series  resistance.  Pure  indium  has 
been  used  as  a  back  ohmic  contact  deposited  on 
the  preliminary  damaged  substrate  surface.  The 
surface  of  the  oxide  was  although  covered  by  a 
grid  indium  electrode  that  promotes  to  a  better 
photocarriers  collection. 

Under  the  conditions  of  a  direct  Sun  illumination 
with  a  75  mW/cm2  incident  power,  for  different 
photoconverters  the  short  circuit  current  (Isc)  has 
attained  a  20  to  30  mA/cnf  value  and  the  open 
circuit  voltage  is  0.58  to  0.62  V.  The  conver-sion 
efficiency  was  estimated  on  the  basis  of  the 
measurements  of  the  current- voltage  characteristic 
of  oxide-p-InSe  solar  cells  and  under  the  above- 
mentioned  conditions  of  Sun  illumination  it  was  5 
to  10%. 


References 

[1] ,  Landolt-Bomstein.  Numerical  Data  and 
Functional  Relationships  in  Science  and 
Technology.  New  Ser.  Group  III:  Crystal  and 
Solid  State  Physics.  V.  17,  sv.f  /  Ed.  by  O. 
Madclung.  Berlin  e.a.:  Springer,  1983.  562  p. 

[2] ,  IlnKyc  T.E.  Ochobli  reopHH 

nonynpoBojiHHKOBbix  npnGopoB-  MLHayKa, 
1965.- 448  c. 

[3] .  Di  Giulio  M..  Micocci  G.,  Rizzo  A,  and 
Tepore  A.  Photovoltaic  effect  in  gold-indium 
selenide  Schottky  barriers  //  J.  Appl.  Phys.- 
1983.-  Vol.  54.,  No. 10.-  P.5839-5843. 

[4] ,  Martinez-Pastor  J.,  Segura  A.,  Valdes  J.L., 
and  Chevy  A.  Electrical  and  photovoltaic 
properties  of  indium-lin-oxide/p-InSe/Au  solar 
cells  //  J.  Appl.  Phys.-  1987.-  Vol. 62,  No.  4.- 
P. 1477-1483. 


I.  FUNDAMENTAL  PROBLEMS  OF  MATERIALS  SCIENCE 


RADIATION  STABLE  PHOTODETECTORS  BASED  ON  LAYERED 

III-VI  COMPOUNDS 


Drapak  S.I.,  Kovalvuk  Z.D.,  Netyaga  V.V.,  Orfetskii  V.B. 

Frantsevich  Institute  of  Material  Sciences  Problems,  National  Academy  of  Sciences  of 
the  Ukraine,  Chemivtsi  Department,  Chemivtsi,  Ukraine 


Photosensitive  devices  based  on  layered  InSe  and 
GaSe  semiconductors  have  essential  advantages 
over  other  analogues  prepared  from  traditional 
semiconductors  starting  from  the  stability  of  their 
electrical  and  photoelectrical  characteristics  to  the 
influence  of  ionizing  radiation  [1-5-2]. 

We  have  developed  the  technology  of  preparation 
of  some  new  photosensitive  structures  based  on 
indium  and  gallium  selenides  for  the  spectral 
range  0.2  to  1  pm.  Their  properties  are  also 
investigated. 

1 .  Semitransparent  Sn  film  -  p-InSe:Zn 
structures  were  prepared  by  thermal  evaporation 
of  tin  onto  fresh-cleaved  (001)  surfaces  of 
InSe:Zn  samples.  Ohmic  contacts  to  them  were 
prepared  according  to  the  method  proposed  by  us 
in  [3].  For  the  prepared  structures  we  earned  out 
the  measurements  of  helpfull  signal  U§,  noise  Un, 
and  their  ratio,  which  determine  the  limiting 
characteristics  of  photodetectors.  These 
parameters  were  investigated  depending  on  both 
technological  conditions  at  preparing  the 
structures  and  operating  parameters  of 
photodetectors  (bias  voltage,  modulation 
frequency  of  light  beam  etc.) 

It  is  established  that  a  maximum  value  Us/Un 
>300  is  much  higher  than  that  in  the  case  of 
photoresistive  effect  [3]  but  a  bias  voltage  giving 
this  value  is  the  same  for  the  both  cases  and  lies 
between  0.5  and  1  V.  The  maximum  value  of  the 
US/Un  ratio  was  obtained  at  the  modulation 
frequency  of  light  beam  f  =  400  Hz  when  the  Sn 
film  was  illuminated  by  a  radiation  with  a  color 
temperature  equal  to  2850  K. 

The  experimental  dependences  of  spectral  noise 
density  on  applied  bias  in  the  range  0  to  4  V  can 
be  described  by  the  Hooge  relation: 
S(f)=const-V1Vfy.  However  as  one  can  see  from 
the  S(V)  dependence  (Fig.  1),  the  value  of  n  is 
essentially  less  than  2  whereas  for  traditional 
semiconductors  n«2.  In  the  range  below  1  V  we 


have  n~l  and  with  increasing  a  reverse  bias  to  4  V 
the  value  of  n  becomes  1 .4  to  1.5  .  Such  regularity 
was  typical  in  the  case  of  photoresistive  effect  in  n- 
InSe  [4], 

2.  In2Se3  belongs  to  a  wide  group  of  layered 
semiconductors  and  differs  from  its  other 
representatives  by  the  availability  of  essential 
defects  of  the  structure.  Starting  from  this  property 
and,  therefore,  radiation  stability  of  the  material  the 
preparation  of  photosensitive  devices  on  its  base  is 
very  important. 

In2Se3  films  were  prepared  by  the  method  of 
evaporation  of  n-In2Se3  single  crystals  with  a- 
modification  (Eg=1.4  eV)  at  a  residual  pressure  not 
more  than  2-1 0’5  mm  Hg.  X-ray  studies  have 
shown  that  the  obtained  films  have  the  well  defined 
y-modification  (Eg=2.0  eV)  independently  of 
substrate  temperature. 


w 

Fig.  1 . 

Noise  spectral  density  vs  bias  voltage  for  Sn-  p- 
InSe:Zn  structure. 

The  influence  of  technological  conditions  of  n~ 
In?Se3  films  deposition  on  photoelectric 
parameters  of  radiation  stable  In2Se3  -  GaSe 
structures  has  been  investigated.  It  is  established 
that  the  systems  based  on  In2Se3  films,  which  were 
deposited  at  a  substrate  temperature  between  100 
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and  150°C,  have  the  most  stable  photosensitive 
parameters. 

We  have  carried  out  a  comparative  analysis  of  the 
electrical  and  photoelectric  properties  of  In2Se3  - 
GaSe  structures  prepared  by  the  methods  of 
vacuum  evaporation  and  optical  contact.  The 
obtained  values  of  the  open  circuit  voltage  at  light 
illumination  power  of  100  mW/cm2  are  0.7  -  0.8 
V  for  the  structures  prepared  by  the  vacuum 
evaporation  method.  They  are  twice  higher  than 
those  for  the  structures  prepared  by  the  optical 
contact  method.  The  difference,  which  was 
observed  in  current  -  voltage  and  capacitance  - 
voltage  characteristics  for  the  structures  prepared 
by  both  methods,  could  be  well  explained  by  the 
changes  of  the  band  parameters.  Photovoltaic 
spectrums  of  n-In2Se3-p-GaSe  heterostructures 
prepared  by  the  methods  of  optical  contact  and 
vacuum  evaporation  are  shown  in  Fig. 2. 


Fig. 2.  Spectral  dependences  of  quantum 
efficiency  for  n-ln2Se3-p-GaSe  heterostructures 
prepared  by  the  methods  of  optical  contact  (1) 
and  vacuum  evaporation  (2). 

3.  Recently  a  great  attention  is  directed  to 
investigations  of  the  structures  based  on  III- VI 
layered  semiconductors  and  prepared  by  their 
thermal  oxidation.  First  of  all  it  is  caused  by  their 
sensitivity  in  ultraviolet  spectral  range  [6-4-7].  We 
propose  a  method  for  preparation  of  dielectric  - 
semiconductor  structures  which  give  stable  and 
reproduced  photoelectric  characteristics.  It 
consists  in  the  formation  of  thin  Ga2C>3  film  onto 
substrates  of  other  semiconductors.  It  eliminates  a 
possibility  of  the  formation  of  undesirable  phases 
of  GaO,  Ga20,  and  Ga2Se3,  which  can  appear 


under  thermal  oxidation  of  GaSe  substrates  and  are 
less  sensitive  or  non-sensitive  in  ultraviolet  spectral 
range. 

As  follows  from  the  electrical  and  photoelectric 
investigations,  the  above-mentioned  structures  can 
be  used  as  radiation  stable  photodetectors  in  the 
spectral  range  0.2  to  1  pm. 
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The  sintered  permanent  magnets  (SPM)  based 
on  powders  of  rare  earth  metals  are  nonequilibrium 
multiphase  ultradispersed  systems  (IJDS).  The 
processes  of  structure  selforganization  giving  rise  to 
special  crystallographic  and  magnetic  textures  are 
characteristic  of  high  tech.  SPM.  Crystalline 
interfaces  are  the  main  defects  of  UDS.  The 
space  symmetry  of  adjacent  crystals  and  their 
mutual  interconnection  is  a  key  to  structure  and 
properties  of  interfaces,  topology  of  interfacial 
defects,  phase  transformations  during  grain  growth 
and  other  contact  phenomena  in  UDS.  In  many 
cases  the  processes  in  contact  interface  layer 
determine  the  final  properties  of  UDS  [1-4]. 

High  performance  SPM  are  based  on 
outstanding  intrinsic  magnetic  properties  as  well  as 
optimized  microstructures  and  chemical 
compositions.  SmCo5  is  a  widely  used  rare-earth 
magnet  because  of  its  high  Curie  temperature  and 
high  anisotropy  field.  The  excellent  magnetic 
properties  of  SPM,  Hc~20-25kOe,  high  maximum 
energy  products  exceeds  20  MGOe  have  been 
achieved  in  anisotropy  magnets  by  improving 
strong  requirements  on  the  grain  and  interface 
structure. 

The  influence  of  interface  structure,  boundary 
secondary  phase  distribution  and  chemical 
composition  on  the  magnetic  properties  of  SPM 
based  on  SmCo5  high  dispersion  powder  is 
investigated.  The  phenomenon  of  high  coercivity  of 
SmCo5  magnets  has  been  treated  in  the  framework 
of  the  theory  of  interfaces  (calculations  of  the 
crystallographic  parameters  and  atomic  models  of 
special  coherent  grain  and  phase  boundaries  in  the 
Sm-Co-  system),  which  affords  some  new  insight  in 
its  origin.  The  texture  analysis  and  precipitation 
processes  of  secondary  phases  on  grain  boundaries 
are  compared  with  interface  crystallography.  The 
model  calculation  based  on  bicomponent  phase 
diagram  and  composition  correction  with  oxygen 
content  and  magnet  density  is  proposed. 

Microstructure  of  Sm-Co  magnets  will  be 
discussed  in  relation  to  the  magnetic  properties 
obtained  in  a  series  of  20  samples.  The  Sm  content 
in  the  SPM  ranged  from  33  to  38  %.  The  SPM  were 


prepared  by  standard  powder  metallurgy 
techniques,  including  milling  to  particles  of  7,37 
microns,  compacting  under  pressure  638MPa  and 
orientation  in  60kOe  field,  optimize  sintering  and 
heat  treatment  [5]  followed  by  quenching  to  room 
temperature.  To  obtain  the  high  coercive  SPM  the 
optimization  sintering  regime  [5]  based  on  x-ray 
texture  analysis  with  maximum  intensity  of  {1 1 1  }R 
SmCo5  -  phase  was  applied.  .  Micro  X-ray 
diffraction  spectral  quantitative  analysis  was  used 
for  chemical  analysis)  Microstracture  investigations 
of  the  SPM  were  carried  out  by  optical,  SEM  and 
TEM  microscopy.  Magnetic  properties  were 
measured  with  hysteresisgraph. 

A  microstructure  modelling  based  on  the 
magnet  density  and  secondary  element 
contamination  is  applied..  Any  changing  of  Sm 
content  over  the  exact  SmCo5  phase  composition 
(33,8%)  plays  an  important  role  in  magnetic 
properties  of  the  SPM.  To  use  phase  diagram  Sm-Co 
it  is  necessary  to  correct  Sm  content  (Smd),  because 
undesirable  secondary  elements  (oxygen,  carbon, 
nitrogen  etc.)  can  extract  Sm  from  matrix  phase  1-5. 

%Sm  (d)  =  {%Smc  -  E[(%Smi/  %Ij)%Ic]}/ 

[1-S(%IC/%I, )]  (1) 

where  %Smc  -  is  the  Sm  content  in  SPM;  Sm; 
is  the  Sm  content  in  secondary  phase  Sm-I,  %I*  is 
the  secondary  element  (O,  C,N  etc.)  content  in  the 
secondary  phase  Sm-I,  %Ic  -  is  the  secondary 
element  content  in  SPM. 

The  Smd  (diagram)  concentration  can  be  used 
to  evaluate  the  volume  fraction  of  2-7  and  2-17 
secondary  phases  and  fraction  of  pores  and  oxides  in 
the  SPM  of  SmCo5  -  type,  as  in  [  6]. 

The  samples  with  a  higher  oxygen  content 
show  a  transition  from  the  presence  of  super 
stoichiometric  Sm2Co7  (2-7)  phase,  which  is  not  (up 
to  10-14%)  influence  on  decreasing  of  coercivity,  to 
substoichiometric  undesirable  Sm2Co!7  (2-17)  phase, 
which  considerably  deteriorate  magnetic  properties 
of  the  SPM. 

The  secondary  phases  2-17,  oxides  and  pores  are 
usually  observed  on  interfaces  of  the  SPM. 
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Interface  microstructure  for  different 
compositions  of  the  SPM  is  shown  in  Figs.  1-3. 
When  excess  of  Co  is  ~  2%  compared  with  exact 
SmCoj  phase,  then  cell  microstructure  with 
amorphous  2-17  boundary  phase  is  observedfFig.l) 
This  structure  is  characterized  by  low  value  of  FIC. 
When  excess  of  Co  is  <0,2%,  then  oriented 
crystalline  precipitates  of  2-17  boundary  phase  is 
formed  (fig. 2).  The  mutual  phase  orientation, 
determined  by  crystallographic  calculations  and 
computer  modeling  (fig.2)  agrees  with  diffraction 
patem.  Superstoichiometric  compositions  (with  Sm 
excess)  of  the  SPM  with  low  oxygen  content  are 
characterized  by  high  coercivity,  reduced  porosity, 
higher  density  and  perfect  interface  structure  (fig.3). 


Fig.l  Fig3. 

Fig.2 
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Tire  experimental  observations  revealed 

•  the  influence  of  external  magnetic  field  during 
powder  consolidation  process  on  the  shrinkage 
and  interface  pore  distribution; 

•  the  simultaneous  increase  in  the  rate  of 
shrinkage  and  coercivity,  as  the  Sm  content  in 
the  alloy  exceeds  its  stoichiometric  amount  in 
the  SmCoj  phase; 

•  the  appearance  of  secondary  SrmCo,  7  phase,  as 
interface  phase  leads  to  considerable  decreasing 
of  coercivity 

•  the  definite  crystallographic  orientation  of  the 
secondary  Sm2Co7  and  Sm2Co17  phases,  as 
interface  precipitates  and  their  influence  on 
coercivity; 

•  the  influence  of  nterface  design  on  high 
coercivity  of  the  SPM; 

•  the  role  of  magnetocrystalline  anisotropy  and 
interface  atomic  structure  in  domain  wall  -grain 
boundary  interactions,  pinning  and  reverse 
domain  nucleation  mechanism  in  SmCo5  i 
magnets  with  one  [0001]  easy  magnetisation 
direction 
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EFFECT  OF  GRAIN  SIZE  AND  PLASTIC  STRAIN  ON  WEIBULL 

PARAMETERS 


Zimina  G.„  Kotrechko  S. 

G.V.  Kurdyumov  Institute  for  Metal  Physics  of  NAS  of  the  Ukraine,  Kyiv,  Ukraine 


At  present,  “Local  Approach  to  Fracture”  is 
conventional  for  description  of  fracture  of  metals 
and  alloys  under  the  condition  of  stress  concentra¬ 
tion  [1].  Fracture  criterion  for  reference  pattern 
(representative  volume)  of  polycrystal  is  key  point 
in  this  approach.  Weibull  distribution  is  usually 
applied  for  estimation  of  probability  of  this  vol¬ 


ume: 


F(o)  =  1  -  exp 


' 

(  \ 

m 

o-O/A 

V  Gl<  J 

where  alh  is  threshold  stress  (low  limit  of 
strength),  m  is  parameter  that  determines  the  shape 
of  probability  function,  cru  characterises  sensitiv¬ 
ity  of  fracture  stress  of  metal  to  change  in  its  vol¬ 
ume  (scale  parameter). 

In  present  day  conception  of  local  approach  it 
is  postulated  that  Weibull  distribution  parameters 
are  material’s  constant  and  don’t  depend  on  stress- 
strain  state  of  metal.  Statistical  model  suggested  in 
[2]  enables  to  delimit  effect  of  metal  structure  and 
influence  of  stress-strain  state  of  metal  near  notch 
or  sharp  crack  on  both  the  value  of  fracture  prob¬ 
ability  and  the  value  of  local  fracture  stress  [3]  by 
computer  simulation. 

Theoretical  analysis  of  grain  distribution  pa¬ 
rameters  on  Weibull  distribution  parameters  has 
been  carried  out  elsewhere  [4],  Fracture  probability 
function  obtained  by  computer  simulation  of  crack 
nucleation  in  polycrystal  and  its  unstable  equilib¬ 
rium  was  approximated  by  tree-parameter  Weibull 
distribution  to  this  end.  It  permits  to  ascertain  rela¬ 
tions  between  Weibull  distribution  parameters  and 
such  microstructural  parameters  as  the  most  prob¬ 
able  grain  size  and  grain  size  variance  (Figure  1).  It 
has  been  exhibited  that  at  uniaxial  tension  and 
fixed  value  of  plastic  strain  the  value  of  shape  pa¬ 
rameter  m  is  actually  independent  on  the  value  of 
the  most  probable  grain  size.  The  value  of  shape 
parameter  m  diminishes  with  rise  in  logarithmic 
grain  size  variance  £)ln  d .  Shape  parameter  m  is 

linear  function  of  ^Dlnd  at  that  case.  The  thresh- 

old  stress  csth  is  proportional  to  d mpv  (  i mpv  b®  ® 

most  probable  value  of  grain  size)  and  depends  on 
grain  size  variance.  This  stress  is  approximately 
equal  to  0.7 RMC  (RMC  be  a  minimum  brittle 

fracture  stress  of  unnotched  specimens  over  duc¬ 
tile-brittle  temperature  region).  The  normalised 


scaling  stress  csu/csth  is  a  linear  function  of 
D\n  d  • 


Figure  1.  Effect  of  the  most  probable  grain  size 
d mpv  on  Weibull  distribution  parameters;  Dlnd 
is  value  of  variance  of  grain  size  logarithm. 


Regularities  of  plastic  strain  effect  on  Weibull 
distribution  parameters  are  presented  in  Figure  2. 
By  applying  this  approach,  only  the  shape  pa¬ 
rameter  m  is  nearly  constant  over  the  interval  of 
small  plastic  strains  (i.e.  those  which  do  not  exceed 
critical  one  ec  -  Figure  2).  As  strain  grows, 
threshold  stress  decreases  approximately  by  1.3 
times.  The  value  of  au  becomes  2.7  times  greater. 

Dependence  of  ath  on  the  strain  value  (Figure 

2)  may  be  approximated  with  sufficient  accuracy 
by  linear  function:  o?/,  =Atjl  -Bt^4e  ,  where  co¬ 
efficients  Atf j  and  Bt^  depend  on  the  values  of 
both  average  grain  size  and  their  variance  (Figure 

3) . 
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Dependence  of  oth  and  ou  on  the  plastic 
strain  value  is  due  to  effect  of  dislocation  stresses 
%  on  the  crack  nucleus  unstable  equilibrium: 


\u 

where  is  critical  value  of  tensile  stresses;  q 


is 


stress  state  mode  parameter  (q  =  ^22  ^11^1 1  and 
^22 are  the  principal  tensile  microstresses);  9  is 
angle  between  the  crack  plane  and  direction  where 
principal  tension  microstress  acts;  K  is  the  coeffi¬ 
cient  that  characterises  resistance  of  the  crystal  to 
the  propagation;  q>(9,q)  is  the  function  that  de¬ 
scribes  influence  of  microstress  state  q  and  orien¬ 
tation  of  the  crack  0  on  the  critical  stress. 

As  it  is  follows  from  this  equation,  rise  in 
these  stresses  results  in  critical  stress  t)C  decrease 
and,  respectively,  to  change  in  errand  au  values. 


Figure  2.  Effect  of  the  plastic  strain  on  Weibull 
parameters  for  different  grain  sizes. 


Figure  3.  Effect  of  the  plastic  strain  on  threshold 
stress  ath  for  d  =30  pm 

Ratio  ou  lo!h  is  a  linear  function  of  the  plas¬ 
tic  strain  value:  ou  /  olh  =  At/l  +  Bue .  Coefficients 
Au  and  Bu  are  metal  structural  constants  de¬ 
pending  on  grain  structure  inhomogeneity. 


Conclusions 

1.  Parameters  of  Weibull  distribution  aren’t  the 
metal  constants. 

2.  Shape  parameter  m  doesn’t  depend  on  the 
values  of  both  grain  size  and  plastic  strain,  but  it  is 
sensitive  to  the  grain  size  variance. 

3.  Threshold  stress  alh  and  scale  parameter  oa 
depend  not  only  on  the  value  of  grain  size  but  also 
on  the  plastic  strain  value  reached  to  fracture. 
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Rimbu  G.  A.,  Banciu  C.,  Bondar  A.  M.,  Stamatin  I. 

Advanced  Research  Institute  for  Electrical  Engineering  (ICPE-CA), 

313  Splaiul  Unirii,  74204,  Bucharest  3,  ROMANIA 
Tel/Fax:  +40  1  346.72.83;  e-mail:  electmat@icpe.ro 


The  conversion  process  of  a  pitch  material  to 
the  solid  “green”  coke,  involves  an 
intermediate  phase,  a  liquid-crystal  phase  or 
mesophase.  The  formation  of  liquid-crystal 
from  pyrolysing  pitch  materials  is  not  a  totally 
unique  process  to  pitch.  A  considerable 
literature  has  existed  for  more  than  one 
hundred  years,  describing  the  formation, 
properties  and  application  of  liquid-crystal 
system.  These  materials  are  essentialy  “self 
organized  sistems ”,  or  “self  assembling 
systems ”.  In  the  earlier  years,  liquide-crystal 
were  looked  upon  as  curiosity  materials,  but 
about  thirty  years  ago  they  found  a  major 
application  in  “high-tech”  display 
components.  Today,  there  is  familiarity  with 
the  LCD  (Liquid  Crystal  Display)  system  of 
electronic  equipments.  Brooks  and  Taylor,  in 
1968,  reviewed  the  experience  that  petroleum 
pitch,  coal  tar  pitch  and  some  coals,  on 
pyrolysis,  generate  molecular  system  wich 
form  liquid-crystal.  This  discovery  was  a 
tremendous  importance  to  the  carbon  and 
graphite  industries,  wich  for  the  first  time, 
now  had  a  working  theory  of  how 
graphitizable  carbons  could  be  formed. 


Kinetic  studies  on  mesophase  transformation 
is  important  for  practical  applications  because 
the  mesophase  transformation  is  a  key  process 
to  control  optimize  and  improve  the 
utilization  process  of  coal  tar  pitch  (CTP). 
Many  scholars  have  worked  in  this  area. 
Singer  and  Lewis  have  determined  that  the 
activation  energy  of  mesophase  formation 
between  400°C  and  430°C  is  185  kj/mol  with 
acenaphthylele  pitch.  Honda  et  all.,  have 
reported  an  activation  energy  of  164  kj/mol 
from  the  change  of  the  quinoline  insoluble 
(QI)  fraction  of  CTP,  assuming  the  reaction  is 
first  order.  Yamada  et  all.,  have  studied  the 
influence  of  primary  QI  on  the  kinetic 
parameters  of  mesophase  transformation  of 
CTP.  They  have  found  that  the  rate  constant 
increase  with  the  amounts  of  QI  at  400°C. 

The  objective  of  this  work  is  to  study  the 
kinetic  characteristics  of  the  mesophase 
transformation  of  CTP  in  the  presence  on 
nanocarbon  additives. 

The  aim  of  our  researches  is  to  obtain  an 
optimum  composite  material  used  as  annodes 
in  Li-ion  secondary  battery. 
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THE  HEALING  OF  CRACK  IN  TRANSPARENT  DIELECTRICS  UNDER 
INFLUENCE  OF  ELECTROMAGNETIC  RADIATION 

Feodorov  V.A.,  Plushnikova  T.N.,  Tjalin  Yu.  L,  Chivanov  A.V. 

Derzhavin  Tambov  State  University,  Tambov,  Russia 


It  is  known  that  in  conditions  of  asymmetrical 
cleavage  of  a  crystal  (with  pronounced  plane  of 
cleavage)  the  probability  of  lateral  break  off  is 
high.  The  lateral  break  off  takes  place  when  the 
growing  crack  changes  the  plane  of  propagation. 
During  the  process,  the  tip  of  the  crack  may  healed 
itself.  We  know  a  few  methods  of  healing.  On  the 
base  of  the  methods  the  regularities  of  the  phe¬ 
nomena  may  be  investigated  at  a  microlevcl. 

The  destruction  of  crystals  is  accompanied  by 
plastic  deformation,  its  intensity  and  degree  of  lo¬ 
calization  depends  on  a  velocity  of  crack  propaga¬ 
tion.  At  stopping  of  a  crack  in  alkali-halide  crystals 
the  plastic  zones  are  formed,  their  structure  is  de¬ 
termined  by  a  type  of  a  destroying  crack,  geometry 
of  a  sample,  properties  of  a  material.  It  is  known 
that  in  such  crystals  spontaneous  and  artificial 
healing  of  cracks  possibly. 

The  purpose  of  this  paper  was  to  investigate 
experimentally  the  influence  of  electromagnetic 
radiation  on  processes  of  stress  relaxation  and 
healing  of  crack  tip  in  alkali-halide. 

The  materials  used  in  the  present  work  were 
LiF,  NaCl,  KC1  single  crystals  with  impurity  con¬ 
tent  1  O'4  wt%,  I0'3  wt%  and  10'2  wt%.  The  size  of 
the  samples  was  10x25x2  mm.  The  samples  were 
cleft  from  big  single  crystals.  The  crack  of  asym¬ 
metrical  cleavage  was  initiated  on  (100)  plane  by 
calibrated  impact  with  energy  »  80  mJ.  The  point 
of  crack  initiation  was  situated  at  distance  Sj  from 
axis  of  symmetry.  The  degree  of  asymmetry  was 
determined  as  S,/0.5S2,  where  S2  is  width  of  sam¬ 
ple.  The  sample  was  cleft  in  two  equal  parts  on 
(010)  plane  for  preparation  of  “control”  and 
“testing”  crystals  [1], 

At  the  first  series  of  experiment  crystals  were 
heated  in  stove  in  the  temperature  range  of  300  4- 
773  K. 

At  the  second  series  crystals  were  illuminated 
by  tungsten  lamps.  The  power  of  lamps  was  20  and 
100  W  and  the  maximum  energy  in  the  spectrum 
was  1 .06  and  1 .24  eV  correspondingly.  The  wave¬ 
lengths  w'ere  350  h-  760  nm.  The  intensity  of  light¬ 
ing  was  changed  from  4  lx  to  15  klx  accordingly  to 
power  of  lamp  and  lightfilter.  The  time  of  illumi¬ 
nation  was  varied  from  10  to  1500  hours. 

In  the  third  series  the  crystals  subjected  to  ac¬ 
tion  of  ultraviolet  and  X-Ray  radiation,  with  a 


wave  length  A  =2504-410  nm  and  A  =0,154  nm; 
A  =0,193  nm.  An  exposure  of  crystals  by  X-rays 
was  made  by  X-ray  diffractometer  (DRON-2, 
DRON-0,5).  The  time  of  action  varied  from  3  min¬ 
utes  about  3  hours.  Dose  X-ray  radiation  3R/min. 

The  behaviour  of  dislocations  at  tops  of  cracks 
is  determined  by  the  equation  of  equilibrium.  At 
compiling  of  dislocations  equilibrium  (for  disloca¬ 
tion  emitted  by  a  crack  in  a  plane  of  a  sliding)  it  is 
necessary  to  take  into  account  stresses:  operating 

T 

on  a  dislocation  from  a  leg  of  a  crack  T  (xn  ), 
forces  of  an  image  r; ,  interaction  of  dislocations 

TD(xn,Xj  )  and  resistance  of  crystal  to  a  shift 

T $ .  For  the  scheme  of  plastic  current  of  a  fig.  1 
equations  of  equilibrium  will  look  like  the  follow¬ 
ing: 

^ C*77 ) "b (.XfjXj ) — rs  Tj  —0,  n  =  1,2,..., m . 

The  behaviour  of  dislocations  at  tips  of  cracks 
will  depend  from  a  relation  of  stresses. 

The  plastic  flow  in  the  tip  of  a  stopped  crack  in 
LiF  single  crystal  was  investigated  by  numerical 
modelling  [2].  Two  stages  of  dislocation  structure 
formation  in  the  tip  of  crack  were  discussed.  The 
first  stage  is  the  formation  of  gliding  lines  in  the 
moment  of  crack  stop.  The  second  is  their  evolu¬ 
tion  and  partial  crack  healing.  It  was  shown,  that  in 
condition  of  unloading  a  few  dislocations  moved 
out  of  crystal  on  the  crack  plane  under  affect  of 
mutual  repel  and  forces  of  reflection.  As  a  result  of 
the  process  the  dislocation  density  is  maximal  at 
some  distance  from  the  crack  tip.  There  is  a  dislo¬ 
cation  free  area  nearly  the  crack  tip  (fig.  2). 

It  was  experimentally  found,  that  electromag¬ 
netic  radiation  changed  dislocation  structure  at  tip 
of  the  crack  (fig.  1).  The  summary  density  of  dis¬ 
locations  was  lowered.  The  healing  at  the  crack  tip 
was  observed  [1], 

Electromagnetic  radiation  causes  decreasing  of 
mechanical  stresses  in  tip  of  the  crack  of  a  reversi¬ 
ble  motion  of  dislocations  and  partial  healing  of 
the  tip. 

The  exponential  dependence  of  dislocation  den¬ 
sity  both  from  temperature  and  from  time  of  light¬ 
ing  was  determined  (fig.  3). 
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Fig.  1.  Dislocation  structure  in  neighbourhood 
of  tip  of  cleavage  crack  in  LiF  single  crystal  to  in¬ 
fluence  of  X-Ray  radiation  E=6,25  keV:  a)  "Con¬ 
trol"  crystal.  T=300  K.  b)  "Testing"  crystal  after 
t=5  min. 


r,  RID 

Fig.  2.  The  dependence  of  linear  density  of 
dislocation  on  ray  rosette  upon  distance  from  tip  of 
crack.  1  -  before  healing.  2  -  after  healing. 

The  intensity  of  healing  and  relaxation  of 
stresses  depends  on  material  and  spectrum  of  elec¬ 
tromagnetic  radiation.  The  processes  of  healing 
and  stress  relaxation  depend  on  intensity  of  elec¬ 
tromagnetic  radiation.  The  greatest  effect  is  ob¬ 
served  at  action  of  a  X-rays. 

Tire  influence  of  small  doses  X-ray  radiation  on 
processes  of  healing  microcrack  was  investigated. 


The  action  X-ray  radiation  results  in  stress  re¬ 
laxation  in  tip  of  cracks  for  account  a  reversible 
motion  of  dislocations  was  established.  The  inten¬ 
sity  of  healing  and  stress  relaxation  depends  from  a 
wave  of  length  of  a  X-rays. 


Fig.  3.  The  relationship  between  compara¬ 
tive  changing  of  dislocations  number  at  crack 
tip  (AN/N)  and  time  (t)  of  treatment: 
1.  T=355  K,  2.  A  =760  nm,  3.  2=350  nm, 
4.  2= 250+410  nm, 5.  2  =0,154  nm. 

The  effect  of  healing  microcrack  was  incre¬ 
mented  at  diminution  a  wave  of  length.  The 
mechanisms  of  stress  relaxation  and  healing  re¬ 
sulted  from  X-Ray  radiation  were  discussed. 

Conclusions 

1.  Electromagnetic  radiation  causes  decreasing 
of  mechanical  stresses  in  tip  of  the  crack  and  par¬ 
tial  healing  of  the  tip. 

2.  The  intensity  of  healing  and  relaxation  of 
stresses  depends  on  material  and  spectrum  of  elec¬ 
tromagnetic  radiation. 

3.  The  processes  of  healing  and  stress  relaxation 
depend  on  intensity  of  electromagnetic  radiation. 

This  work  was  supported  by  a  Grant  of  RFFR 
(project  02-01-01 173). 

References 

[1]  Feodorov  V.A.,  Plushnikova  T.N..  Tjalin 
Yu.I.  Healing  of  cracks,  stopped  in  alkali-halide 
and  calcite  as  a  result  of  asymmetrical  cleavage, 
Solid  State  Physics,  42,  4  (2000),  685-687. 

[2]  G.  Ortega  and  V.  Reindbold.  Iterative  meth¬ 
ods  of  a  solution  of  systems  of  the  non-linear 
equations  with  many  unknown.  Moscow,  1975, 
p.558. 


137 


I.  FUNDAMENTAL  PROBLEMS  OF  MATERIALS  SCIENCE 


DENSIFICATION  OF  COMPACTS  DURING  LIQUID-PHASE  SINTERING 


Romanov  G.N.,  Tarasov  P.P.(1),  Tsypandin  P.P.(1),  Mestnikov  N.S.0),  D’yachkovsky  P.K.(1), 

Savitskii  A.P.(2) 

Tomsk  State  the  V.V.  Kuibyshev  University,  Tomsk,  Russia 
^(l)Yakutiya  State  the  M.K.  Ammosov  University,  Yakutsk,  Russia 
(2)Institute  of  Strength  Physics  and  Materials  Science,  Tomsk,  Russia 


The  rearrangement  of  solid-phase 
particles,  solution-reprecipitation  process  and 
solid-state  sintering  of  skeleton  widely  known 
from  the  literature  are  classical  mechanisms  of 
densification  of  powder  bodies  during  liquid- 
phase  sintering.  As  the  theory  of  the  three-stage 
sintering  has  arisen  on  the  basis  of  studying 
systems  with  limited  mutual  solubility  of  solid 
and  liquid  phases,  it  considers  the  phenomenon  of 
dissolution  of  solid-phase  particles  in  liquid  as  an 
indirect  factor  which  promotes  densification  only 
due  to  liberating  particles  from  the  mutual 
blocking  interfering  rearrangement.  Therefore,  the 
theory  does  not  take  into  account  the  direct 
contribution  of  the  dissolution  phenomenon  to 
densification  of  powder  bodies  caused  by 
reduction  of  solid  phase  in  volume  during 
dissolution. 

It  is  established  as  a  result  of  dilatometric 
investigations  that  the  process  of  liquid-phase 
sintering  systems  having  appreciable  mutual 
solubility  of  solid  and  liquid  phases  consists  of 
two  main  stages.  The  first  stage  begins  after 
formation  and  spreading  of  the  melt  throughout 
the  volume  of  a  powder  body  and  finishes  by 
growth  of  the  compact  in  volume.  The  second 
stage  is  characterised  by  densification  which 
occurs  after  termination  of  the  growth. 

However,  the  second  stage  takes  place  only 
in  the  case,  if  the  composition  of  a  mixture  being 
sintered  gets  into  region  of  the  solid-liquid  state 
on  the  phase  diagram  at  the  sintering  temperature 
in  the  equilibrium  condition.  If  a  compact  contains 
the  forming  liquid  phase  component  in  a  quantity 
not  sufficient  that  the  mixture  of  the  solid  and 
liquid  phases  would  be  preserved  for  an  infinite 
long  time  in  the  equilibrium  condition  at  the 
sintering  temperature,  the  process  of  liquid-phase 
sintering  is  finished  only  by  growth  of  the  powder 
body,  i.e.,  at  first  stage.  In  the  latter  case  we  mean, 
so-called,  transient  liquid-phase  sintering.  In 
accordance  with  the  theory  of  the  three  stages,  the 
amount  of  the  liquid  phase  ensuring  densification 
of  the  powder  body  up  to  its  full  dense  state  is 
equal  35  vol.  %.  In  reality,  the  quantity  of  the 


liquid  phase  formed  can  be  rather  significant, 
considerably  exceeding  the  above  critical  content. 
For  instance,  no  appreciable  densification  is 
observed  in  the  Ti-Al  system,  if  even  75  vol.  %  of 
the  condense  phase  of  a  compact  is  the  liquid 
phase. 

The  reason  of  such  behaviour  of  powder 
bodies  during  liquid-phase  sintering  is  a  specific 
character  of  the  diffusion  interaction  of  two 
components,  one  of  which  is  in  the  liquid  state. 
Atoms  belonging  to  the  solid  phase  cannot  pass 
into  the  liquid  phase  because  of  their  strong  ties 
with  the  crystal  lattice.  Therefore,  atoms  of  the 
second  component  having  the  weaker  ties  with  the 
melt  diffuse  into  the  solid  phase  during  the  all 
process  of  phases  interaction,  until  the  phase 
balance  is  established  in  the  system.  In  this  case, 
the  concentration  of  the  second  component  in  the 
surface  layer  of  the  .solid  phase  at  some  moment 
of  time  reaches  a  value  enabling  to  this  layer  to 
pass  into  liquid  state  by  melting.  In  such  a  way  the 
dissolution  process  is  carried  out,  or  more 
accurate  the  transition  of  a  solid  phase  into  liquid 
one. 

Such  mechanism  of  the  diffusion  interaction 
of  solid  and  liquid  phases  explains  known  laws  of 
liquid-phase  sintering  and,  in  particular,  why  the 
growth  of  a  powder  body  precedes  its 
densification  as  well  as  why  the  absolute 
meanings  of  volume  changes  depend  on  mutual 
solubility  limits  of  phases,  the  additive  content, 
sintering  temperature,  particles  sizes  and  etc.  [1], 
So,  in  the  Al-Cu  system  having  a  small  solubility 
of  Cu  in  A1  in  solid  state  and  a  large  solubility  of 
A1  in  the  eutectic  melt,  an  absolute  value  of 
powder  compacts  densification  appears  to  be 
much  more  than  their  growth,  whereas  in  the  Ti- 
Al  system  possessing  a  considerable  solubility  in 
solid  phase  and  a  small  solubility1  in  the  melt,  the 
growth  of  powder  bodies  essentially  surpasses 
their  shrinkage. 

The  densification  of  a  powder  body 
becomes  more  with  increasing  of  the  sintering 
temperature  and/or  the  content  of  the  additive 
forming  the  liquid  phase  due  to  an  increase  of  the 
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melt  quantity.  The  higher  content  of  the  liquid 
phase,  the  more  amount  of  the  solid  phase  is 
dissolved  in  it,  the  less  the  solid  phase  remains, 
the  less  sizes  of  the  persisted  particles  become 
and  the  greater  space  is  released  for 
rearrangement  of  the  particles. 

The  larger  aluminium  particles,  the  smaller 
the  surface  area  of  the  solid  phase  particles  over 
which  the  interaction  with  the  melt  takes  place 
and  the  less  densification  value,  including  one  at 
the  expense  of  reduction  of  capillary  forces 
caused  by  the  presence  of  the  larger  interparticle 
pores. 

Dilatometric  researches  of  volume  changes 
of  powder  bodies  of  the  Al-Cu,  Al-Si,  and  Al-Zn 
systems  during  sintering  show  that  compacts  on 
the  base  of  the  aluminium  powder  of  technical 
purity  have  the  more  noticeable  densification 
value  in  comparison  with  samples  on  the  base  of 
a  high  purity  aluminium  powder.  This  fact  is 
connected  with  that  the  aluminium  particles  with 
impurities  are  inclined  in  the  greater  degree  to 
disintegration  during  interaction  with  the  melt.  It 
is  possible  to  suppose  that  disintegration  of 
particles  [2]  promotes  densification  as  a  result  of 
rearrangement  of  the  fragments  [3]  owing  to 
facilitation  for  sliding  of  the  fragments  along 
liquid  phase  layers  with  accommodation  of  the 
crystal  shapes  through  the  liquid  phase  [4], 

Dark  "stains"  inside  grains  of  sintered  Al- 
Cu  alloys  found  out  with  the  help  of 
metallography  studies  are  of  a  scientific  interest. 
An  electron  microprobe  analysis  has  shown  the 
presence  of  an  increased  content  of  copper  in 
them.  It  is  possible  to  assume  that  the  stains  form 
at  the  expense  of  precipitation  of  dispersed 
particles  of  the  secondary  CuAL  phase  in 
aluminium  lattice  during  cooling  of  solid  solutions 
and  subsequent  coagulating  of  these  inclusions. 

As  it  turned  out,  the  reduction  of  the 
aluminium  lattice  parameter  up  to  a  minimal 
meaning  during  liquid-phase  sintering  samples  of 
the  Al-Cu  system  is  finished  not  by  the  end  of  the 
growth  stage,  but  a  bit  late,  until  the  beginning  of 
the  densification  stage.  This  circumstance 
demonstrates  that  the  growth  of  a  powder  body 
stops  not  because  the  diffusion  of  copper  atoms  in 
the  aluminium  lattice  is  finished  by  achievement 
of  an  equilibrium  concentration  in  the  solid  phase, 
but  because  the  growth  stage  is  interrupted  by 
occurrence  of  the  densification  process.  As  the 
system  has  not  yet  reached  a  chemical  balance  as 
relating  to  the  content  of  copper  in  the  solid  phase 


as,  probably,  concerning  composition  of  the  liquid 
phase,  densification  in  this  moment  to  be  carried 
out  by  means  of  the  solid  phase  particles 
rearrangement  due  to  their  dissolving  into  the 
liquid  phase.  In  subsequent  period  of  time,  when 
the  lattice  parameter  becomes  constant  and  it 
means  that  at  least  the  solid  phase  already  has 
reached  a  chemical  balance,  densification  can 
proceed  due  to  the  rearrangement  which  is  now 
connected  to  the  classical  solution-reprecipitation 
process. 

An  increase  of  the  copper  content  in  the  Al- 
Cu  mixture  up  to  30  wt.  %  permits  completely  to 
exclude  the  compact  growth  during  sintering 
owing  to  formation  of  a  large  quantity  of  the 
liquid  phase  destroying  its  rigid  skeleton  before  it 
begins  to  increase  its  volume  as  a  result  of 
diffusion  from  the  melt.  Densification  at  such 
amount  of  the  liquid  phase  is  caused  only  by  a 
quick  rearrangement  of  solid  phase  particles  in  the 
liquid. 

Conclusions: 

The  main  part  of  compacts  densification 
during  liquid-phase  sintering  systems  with 
significant  solubility  of  the  solid  phase  in  liquid 
proceeds  by  means  of  the  rearrangement  process 
of  the  solid  phase  particles  caused  by  dissolution 
of  them  in  the  liquid  phase.  In  subsequent  period 
of  time,  when  the  solid  phase  reaches  its  chemical 
balance,  some  densification  can  be  controlled  by 
rearrangement  which  is  connected  now  to  process 
of  solution-reprecipitation.  At  formation  of  a  large 
quantity  of  the  liquid  phase  densification  proceeds 
as  a  result  of  the  instantaneous  rearrangement 
process. 
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EFFECT  OF  A  SMALL  AMOUNT  OF  BORON  ON  STRUCTURE  AND 
PROPERTIES  IN  MOLYBDENUM  ALLOYS 


Lumio  MORITCU,  Tetsuji  NODA  and  Alexander  V.  KRAJNIKOV(1) 

National  Institute  for  Materials  Science,  Tsukuba,  Japan 
Institute  for  Problems  of  Materials  Science,  Kiev,  Ukraine 


Mechanical  properties  of  molybdenum  alloys  have 
been  improved  by  a  small  amount  of  boron  addition 
[1-5],  We  also  studied  boron  distribution  by 
particle-tracking  autoradiography  (PTA)  [6-8], 


Materials  in  this  paper  were  prepared  by  plasma- 
beam,  electron-beam  and  arc  melting.  Content  of 
boron  was  between  less  than  0.02  ppm  and  920 
ppm. 

Pig.l  shows  the  relation  between  bend  angle  and 
test  temperature  in  PE  alloys.  DBTf  was  defined  as 
the  bend  ductility  of  30  degrees.  Therefore  DBTf 
of  Mo-2.5  ppm  B,  Mo- 1.3  ppm  B  and  pure  Mo  was 
170K.  21  OK  and  275K,  respectively.  Yield  stress  of 
Mo-2.5  ppm  was  rather  lower  in  the  test 
temperature  lower  than  240K.  However  yield  stress 
of  Mo- 1.3  ppm  B  was  the  highest  in  the  temperature 
range  of  this  experiment.  It  is  clear  that  only  a  small 
amount  of  boion  addition  in  molybdenum  made  a 
significant  improvement  of  bend  properties. 

Solubility  of  boron  to  molybdenum  was  very  small, 
less  than  I  ppm  at  room  temperature.  With  an 
increase  of  boron  content,  fine  precipitates  were 
uniformly  observed  in  the  matrix  [1-5].  Such 
precipitates  of  molybdenum  borides  were 
consideied  to  behave  as  a  trapping  site  for  hydrogen 
diffusion  [2],  Above  the  content  of  50  ppm  B,  wc 
often  recognized  ncedle-like  precipitates  thal  grew 
to  the  <1 10>  direction  in  the  matrix  and  along  grain 
boundaries  [1-5].  In  the  case  of  Mo-920  ppm  B, 
precipitates  coalesced  and  fine  necdlc-like  ones 
were  almost  diminished  in  the  matrix  [2], 
Strengthening  effect  of  grain  boundaries  by  boron 
addition  and  characteristics  of  boron  precipitates 
will  be  discussed  in  detail. 
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LOCALIZED  PLASTIC  SHEAR  PROPAGATION  IN  A  METAL  LAYER 

Stepanov  G.V.,  Shirokov  A.V. 
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Combined  influence  of  the  nonuniformity  and 
adiabatic  heating  in  material  at  dynamic  loading 
reduce  resistance  to  plastic  deformation  and 
results  in  localized  shear  or  adiabatic  shear  bands 
formation. 

The  works  [1-3]  are  devoted  to  numerical 
investigations  of  plastic  defomiation  localization. 
The  influence  of  applied  velocity  on  the  shear 
band  propagation  was  analyzed  in  [4]  and 
compared  with  the  experimental  results  in  [5]. 
The  influence  of  specific  effects  at  plastic  shear 
(nonlinear  viscosity,  damage  and  temperature)  on 
stress-strain  distribution  in  one-dimensional 
problem  was  analyzed  in  [6].  But  there  are  only 
scarce  data  on  dynamic  propagation 
(lengthening)  of  localization  area. 

The  main  aim  of  this  work  is  numerical 
simulation  of  main  features  of  propagation 
(lengthening)  of  the  area  of  intense  plastic  shear 
in  a  thin  metal  layer. 

Simple  shear  in  the  layer  (#=6,0x1 0-3  m)  of 
isotropic  material  was  investigated.  The  initial 
conditions  are  zero.  The  velocities  of  shear  vx  at 
the  boundaries  (antisymmetric  in  relation  to  the 
center  of  the  layer)  along  x  direction  changing 
with  time  are  used. 

We  assume  the  material  to  be  elastic- 
viscoplastic.  The  modified  Jonson-Cook’s 
equation  of  state  [7]  in  the  form  (1)  that  take  into 
account  viscosity  effects  was  used  in  the 
simulation.  It  includes  well  established  effects  of 
strain  hardening,  thermal  softening  and  linear 
viscosity  (with  viscosity  factor  //): 

o-  =  &st  0) 

as,  =  ay[\  +  A-(erm-(hbl 

X  c 

where  cry  is  an  yield  stress  of  a  metal  under  static 
loading;  sf  is  effective  strain;  A,  n  are  constants 
of  strain  hardening;  b  is  constants  of  thermal 
softening;  T,  Tc  are  current  and  critical 
temperature  of  metal.  A  nonlinear  temperature 
dependence  of  shear  modulus  was  also  included 
in  the  computation  in  the  form  (2): 

G(7)=G0(l-r/rc),  (2) 

where  G0  is  shear  modulus  at  20°C. 


Heat  conduction  was  neglected  because  of 
short  duration  of  high  strain  rate  localization.  The 
work  of  plastic  deformation  defines  the  law  of 
temperature  increase: 


*L  =  *L£Lt  (3) 

dt  Cv 

where  cv  is  thermal  capacity  of  a  material,  a;  is 
intensity  of  instant  stress. 

A  short  linear  defect  of  length  l  (/=  1,5. 10-4  m) 
was  included  in  the  center  of  the  layer.  In  such 
way  was  initiated  shear  localization.  The 
boundaries  velocities  of  the  layer  were  increased 
in  time  till  constant  volume  (v„)  for  2,5  jus  (4=50) 
at  equation 

vx(0 =vo(  1  -exp(-rk/3)),  (4) 

where  tk  is  a  current  step’s  number  in  time. 

The  layer  was  modeled  as  a  two-dimensional 
array  with  200x20  elements  (nodes).  Nx=200, 
Ny= 20,  where  Nx,  Ny  are  number  of  nodes  in  x,  y 
direction.  A  step  in  time  was  chosen  from 
stability  condition  by  Kurant. 

We  assumed  that  elastic  deformation  etj  cannot 
be  more  than  its  theoretical  value: 


Tire  linear  defect  was  modeled  as  some  nodes 
with  decreased  (on  20%  )  yield  stress. 

The  thermo-mechanical  parameters  of  mild 
steel  (Table  1)  was  taken  in  the  account,  where  v 
is  module  of  Puanson. 

The  influence  of  the  initial  defect  on 
distribution  of  plastic  deformation  in  the  metal 
layer  before  the  localization  is  small.  Increase  of 
deformation  in  it  is  only  2%  among  neighbor 
nodes.  After  beginning  of  localization  the  plastic 
deformation  propagation  from  initial  defect  had 
symmetric  form.  And  farther  the  plastic 
deformation  localization  become  a  basic  process 
in  the  layer. 

The  propagation  rates  of  plastic  strain  of  fixed 
levels  along  the  layer  (on  nodes)  from  the  initial 
defect  graphed  on  fig.  1.  Propagation  rate  ve  of 
plastic  strain  level  along  the  layer  depends  on 


141 


I.  FUNDAMENTAL  PROBLEMS  OF  MATERIALS  SCIENCE 


strain  level  and  increases  with  distance  from  the 
initiate  defect  to  the  elastic  shear  wave  velocity 
in  metal. 


Tablel.  The  thermo-mechanical 
parameters  of  mild  steel 


Material 

Mild  steel 

a,,  Paxl0D 

300 

E,  Pax  10“ 

2,1 

Tc,  °C 

750 

n 

0,3 

A 

0,3 

b 

0.5 

V 

0.27 

v0,  m/s 

45 

/*,  Paxs  [8] 

20000 

p,  g/m3xl0J 

7.8 

6.  Stepanov  G.V.,  Fedorchuk  V.A.  Localized 
shear  in  sheet  material.  //  Strength  of 
materials.-  1999.-  V.  31,  N°  5,  467-474. 

7.  Jonson  R.G.,  Cook  W.H.  Fracture 
characteristics  of  three  metals  subjected  to 
various  strains,  stran  rates,  temperatures  and 
pressures  //  Engng  Fract.  Mech.  -1985.-  21, 
Nl. -P.31-48. 

8.  Stepanov  G.V.  Elastic-plastic  deformation 
and  fracture  of  materials  under  impulse 
loading  (In  russian).  -  Kiev:  Naukova 
Dumka,  1991.  -287c. 


Fig.l.  The  propagation  rates  of  plastic  strain  of 
fixed  levels  along  the  layer  (on  nodes)  from  the 
initial  defect. 
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THE  DESCRIPTION  OF  THE  SILICON  MELT  MOVEMENT  AT  THE  FZ 

PROCESS 


Egorov  S.G.,  Chervonyi  I.F.,  Kolobov  G.A.,  Nikonenko  A.P. 

The  Zaporozhye  State  Engineering  Academy,  Zaporozhye,  Ukraine 


Today  FZ  method  is  used  for  manufacturing  of 
high  resistance  monocrystals  of  the  silicon. 

During  the  process  of  growth  of  the  silicon 
monocrystals  in  a  zone  molten  the  convective, 
centrifugal,  electrodynamic  forces  and  forces  of  a 
surface  tension  work  [1]. 

These  forces  call  the  melt  movement,  which 
plays  a  considerable  role  in  the  heat  interchange 
and  impurity  distribution  at  the  front  of  crystalli¬ 
zation.  The  dimensionless  parametric  numbers 
because  of  difficulties  of  visual  observation  under 
operational  conditions  for  describing  of  melt 
movement  are  used. 

The  Grashof  {Gr),  Prandtl  (Pr)  and  Raleigh 
( Ra )  numbers  for  describing  of  thermal  streams  in 
a  melt  are  used.  The  Grashof  number  features  op¬ 
eration  of  a  free  convection  caused  by  presence  of 
a  temperature  lapse  rate.  It  represents  the  ratio  of 
body  forces  in  a  nonisothermal  homogeneous  fluid 
as  to  friction  forces: 


Gr  = 


g^TH3 
.  ,2 


(1) 


where  g  -  free  fall  acceleration,  m/c2;  f)  -  coeffi¬ 
cient  of  volume  expansion,  for  silicon  /?  =1.4x10 
4  K'1;  AT=TrT2  -  odds  of  the  temperatures  be¬ 
tween  heated  and  cooled  areas,  K;  H  -  the  melt 
height,  m;  v  -  kinematic  viscosity,  v=3.5xl0‘7  m2/c. 
While  calculating  the  Gr  number  it  is  necessary  to 
take  into  account  that  for  each  diameter  there  is  the 
odd  of  temperature  [2]. 

The  Prandtl  number  represents  the  ratio  be¬ 
tween  coefficients  of  viscosity  and  thermal  diffu- 
sivity  Pr=v/%,  where  %  -  thermal  diffusivity,  m2/s. 
For  silicon  the  Prandtl  number  is  Pr=0.014. 

The  Grashof  and  Prandtl  numbers  multiplica¬ 
tion  gives  the  Raleigh  number 


Ra  -  Gr  ■  Pr  = 


gfiATH3 


(2) 


vx 

The  convection  mode  is  determined  depending 
on  the  quantity  of  Ra  number's  and  quantity  of  the 
ratio  Hid  (the  ratio  of  zone  molten  height  to  its  di¬ 
ameter). 

If  Ra<Raa  then  the  convection  in  the  melt  is 
not  present  and  the  thermal  conduction  mode  is 
carried  out;  if  Rac,<Ra<RaC2  then,  a  stationary 
convection  develops;  if  Raci  <Ra<Rac3  then  the 


mode  of  convection  development  transfers  from 
stationary  to  non-stationary  one;  if  RaCs  GRa,  then 
the  turbulent  convection  is  observed,  where  Raci, 
RaC2,  Rac3  -  are  critical  values  for  the  relevant 
convection  types  [3].  The  Ra  number,  similar  to  Gr 
number,  will  rise  while  increasing  of  the  crystal 
radius. 

It  is  necessary  to  note,  that  at  the  FZ-process 
the  top  heating  (T,>T2)  is  carried  out  (fig.  1). 
Hence,  there  are  no  the  convection  streams  in  the 
molten  zone. 

The  diffusion  mode  of  substance  transport  is 
carried  out,  and  the  heat  is  transmitted  at  the  ex¬ 
pense  of  the  thermal  conduction.  In  this  case 
Gr  =  0  and  Ra  =  0. 


5  -  solidified  front;  6  -  melting  front. 

Figure  1  -  Scheme  of  the  FZ-process. 

The  following  type  of  the  natural  convection  is 
the  thermocapillary  convection.  It  is  due  to  the  sur¬ 
face  forces.  The  convection  given  is  featured  by 
the  Marangoni  number's  (Mar),  which  is  the  ratio 
of  the  surface  forces  lapse  rate  caused  by  the  tem¬ 
perature  difference  as  to  viscosity  forces 

-(da/8T)ATRKD 

Ma-p  = — - - - 3L,  (3) 

PXV 

where  a  -  surface  force,  N/m;  ( da/8T)  -  lapse  rate 
of  the  surface  force,  (do/dT)=- 0.13xl0"3  H/(m-K). 

The  Marangoni  streams  work  in  the  area  near 
to  the  melt  -  atmosphere  interfaces.  With  increas¬ 
ing  crystal  radius  the  Mar  number  will  rise  and  for 
crystals  of  radius  75  mm  {AT~12°C  [3])  is  Mar 
*3  104. 
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Except  for  the  natural  convection,  in  the  melt 
the  forced  convection  caused  by  the  presence  of 
centrifugal  and  electrodynamic  forces  works. 

The  forced  convection  caused  by  rotation  of 
the  crystal  is  featured  by  a  rotary  Reynolds  number 


Re, 


co  R 


Kp 


03 


(4) 


wrhere  co-  speed  of  crystal  rotation,  s'1. 

With  increasing  of  crystal  dimensions  the 
speed  of  its  rotation  reduces  for  a  drop  of  inertial 
forces  effective  on  the  melt,  which  can  give  strait 
of  a  melt  through  the  melt  -  atmosphere  interface. 
For  RKp= 75  mm  and  co=  1.05  c1  the  quantity  Rey¬ 
nolds  number  is  Re^lJ-lO4. 

In  paper  [4]  it  is  shown,  that  the  electrody¬ 
namic  forces  work  in  surface  area  of  the  melt  and 
make  possible  the  melt  movement,  which  is  fea¬ 
tured  in  the  following  parameter: 


N md  ~  j  >  (5) 

po 

where  p  -  constant  of  a  magnetic  field,  p=4nxl0' 
'  HI m;  H  -  intensity  of  a  magnetic  field,  A/m;  v  - 
speed  of  melt  fluxion  ,  caused  by  electrodynamic 
forces,  m/s. 

For  featuring  the  magnetic  field  influence, 
which  is  generated  by  the  coil,  the  Hartman  num¬ 
ber,  showing  the  ratio  of  magnetic  forces  as  to  vis¬ 
cosity  forces,  is  used: 


H°  =  BR (0 

where  B  -  magnetic  induction,  T;  a  -  electrical 
conductance  of  the  silicon  melt, 
cr=12.3xl05  (Q-m)'1;  i)  -  dynamic  viscosity  of  the 
silicon  melt,  77=8. 8xl0'4  Pa-s.  At  75  mm  single 
crystal  growth  the  magnetic  induction  is  equal 
0.05  T  [4],  In  this  case  the  Hartman  number  is 
//a=143. 

During  single  crystal  growth  all  convection 
types  work  simultaneously,  therefore,  for  the  char¬ 
acterizing  of  the  processes,  taking  place  in  the 
molten  zone,  we  use  the  following  ratios  as  to 
parametric  numbers:  Gr/ReJ,  Ma/Nmd,  Gr/Nmd, 
HalGr112,  Ha2IRe0),  etc. 

In  the  absence  of  the  thermal  convection  taking 
place  in  all  the  volume  of  the  zone  molten  it  is  pos¬ 
sible  to  include  to  the  process  rotation  and  elec¬ 
tromagnetic  forces  having  the  similar  order 
(Ha2 1  Re, a=\.  2+2 .4,  depending  on  rotation  single 
crystal  speed).  Driving  the  relation  between  these 
forces  it  is  possible  to  influence  on  volumetric  dis¬ 
tribution  of  an  impurity  in  the  melt. 


The  electrodynamic  forces  and  Marangoni 
streams  work  in  a  lamina  of  the  melt  near  to  a  sur¬ 
face. 

Here  electrodynamic  forces  exceed  all  re¬ 
maining  ones  by  some  orders  [4],  However,  with 
increasing  of  the  zone  molten  height  (increasing  of 
the  crystal  radius)  their  influence  on  the  impurity 
distribution  near  to  the  solidified  front  decreases. 

Therefore,  to  run  effectively  the  quality  of  the 
monocrystal  is  possible  using  its  rotation  and  mag¬ 
netic  field. 
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THE  INFLUENCE  OF  INITIAL  POWDERS  DISPERSIVITY,  ACTIVATING 
AGENTS  AND  HOT  PRESSING  TEMPERATURE  ON  Si3N4-SiC  CERAMICS 

DENSITY 


Goloubtsova  E.S.,  Kaledin  B.A,  Malkevich  N.G. 

Belarussian  national  technical  university,  Minsk,  Republic  of  Belarus 


The  materials  with  heteroigeneous  structure  are 
perspective  for  the  process  design  of  wide  class  of 
resistors,  conducting  phase  of  with  is  evenly 
distributed  in  dielectric  matrix.  Silicon  carbide 
and  silicon  nitride  would  be  appropriate  materials 
for  use  as  base  combinations  for  the  production  of 
thermal  stable  resistor’s  elements. 

It  was  established,  that  the  use  of  hot  pressing 
(HP)  makes  possible  to  change  the  material 
composition  over  a  wide  range  and  to  produce  the 
materials  with  designated  properties. 

The  purpose  of  the  given  work  is  to  investigate 
the  influence  of  initial  powders  dispersivity, 
activating  agents  (MgO  and  A1203)  and  hot 
pressing  temperature  (1920,  1970  and  2020  K)  on 
density  (porosity),  and  electrical-and  physical 
properties  of  hot-pressed  ceramic  materials  on  the 
base  of  silicon  carbide  and  silicon  nitride. 

The  mixtures  containing  Si3N4powder  with  grain 
size  3 — 5  pm  (20  vol.%)  and  SiC  powder  with 
grain  size  1  and  10  pm  were  used  for  samples 
manufacture. 

The  methods  of  experimental  design  were  also 
used  for  pursuance  of  the  research  and  on  this 
base  was  chosen  the  plan  2x2*3. 

As  optimization  parameter  was  taken  a  porosity, 
%  (y),  and  as  the  factors:  3c,  — dispersivity  of  SiC 
powder,  pm  (1  and  10  pm)„  x2 —  activating 
agents  (MgO  and  A1203)  and  x3 —  hot  pressing 
temperature  (1920,  1970  and  2020  K).  The 
tabulated  factors  for  this  plan  were:  A0=0,25, 
A01=A0?=O;  A03=0,25;  A,=A2=0, 08333;  A3=0,125; 
Am=A22=0;  A33-0,375;  A12=0.0S333; 

A13=A23=0,125;  t=2,179.  A  replication  error  (S3) 
was  0,4.  Plan  matrix  and  porosity  values  are  listed 
in  the  following  table: 
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x3 
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12 

+ 

+ 
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+ 
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z 

62,6 

3S.6 

-13.4 

20,2 

4.4 

-6.8 

66.2 

97 

Activating  agents  content  comprises  5  vol.%. 


The  adequate  regression  equation  establishing  the 
link  between  porosity  (jq)  and  above  mentioned 
factors  was  received  after  processing  of 
experimental  results  (y3)  and  validation  of  the 
factors  significance: 

y  =  7,7  +  5,22a',  +  3,22x2  -  l,68x3  +  l,68x,x, 

+  0,55x,x3  -  0,25x,x3  +  0,58x3 

The  analysis  of  this  equation  shows,  that  the 
greatest  influence  on  porosity  renders  a 
dispersivity  of  SiC  powders  (xi),  then  comes 
activating  agent  (x2)  and  temperature  of  hot 
pressing  (x3). 

It  should  be  used  SiC  powder  with  grain  size  ~1 
pm  (xy—1);  MgO  as  activating  agent  (x2=  -  1)  and 
hot  pressing  temperature  equal  2020  K  (x3=+l) 
for  reduction  of  porosity. 

In  this  case  the  calculated  value  is  y3  -  0,14 
(experimental  value  is  -0,5%). 

Dense  hot  pressed  samples  Si3N4 — SiC  produced 
with  use  of  activating  agent  MgO  or  Al203 
represent  heterophase  compositions,  ,  wherein  SiC 
particles  are  evenly  distributed  in  silicon  nitride 
matrix. 
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The  pores  having  mainly  isometric  form  and,  as  a 
rule,  small  size  (about  1  pm)  are  arranged  at  the 
interfaces  between  some  grains. 

X-ray  phase  analysis  has  shown,  that 
independently  of  activating  agent  SiC  conserves 
thermodynamic  stability  in  Si3N4-— SiC 
composition,  does  not  form  new  compounds  and 
solid  solutions. 


Therefore  the  formations  in  silicon  nitride  matrix 
is  governed  by  identical  regularities  as  occur  in 
dielectric  materials  Si3N4~— MeO  and  Si3N4 — 
A1203. 

Thus,  the  use  of  MgO  as  activating  agent  under 
hot  pressing  makes  possible  Si,N4— SiC 
compositions  without  essential  change  of  phase 
composition  and  with  high  values  of  density. 
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INVESTIGATION  OF  THE  INTERACTION  IN  THE  Cu-Mg-C  SYSTEM 
UNDER  HIGH  PRESSURE  AND  TEMPERATURE 

Turkevich  V.Z.,  Kulik  O.G.,  Osipov  A.S.,  Garan  A.G. 

Bakul  Institute  for  Superhard  Materials  of  the  National  Academy  of  Sciences  of  Ukraine,  Kiev, 

Ukraine 


Phase  diagrams  of  the  Cu-Mg-C  ternary  system  and 
involved  binary  systems  under  atmospheric  and  high 
pressure  are  unknown.  Experiments  on  spontaneous 
diamond  crystallization  have  not  been  carried  out 
yet,  while  the  peculiarities  of  diamond  growth  on 
seed  crystals  in  the  Cu-Mg-C  system  have  been 
already  studied  [1].  It  has  been  found  that  at  6GPa 
and  1550  °C,  diamond  crystals  grow  intensively  on 
seeds.  The  most  perfect  crystals  were  obtained  when 
Cu-Mg  alloys  contained  40-50  at.%  Mg. 

In  this  paper  we  present  the  results  of  our  studies  on 
the  phase  composition  and  structure  of  the  samples 
produced  at  7.7  GPa  between  1220  and  1850°C,  the 
holding  time  being  100  s.  The  sample  compositions 
are  30  Cu,  15  Mg,  55  C^  and  15  Cu,  30  Mg,  55  Q^-. 
(all  at.%). 


10mm 


Fig.  1.  Thoroid-type  HPA  cell:  1-molibdenum  plate, 
2-pyrophilite  disc,  3-graphite  heater,  4- 
graphite  disc,  5-Al203  shield,  6-experimental 
Cu-Mg-C  mixture. 

The  samples  were  made  using  a  toroid-type  high- 
pressure  apparatus  (HPA)  with  a  20-mm-in-diameter 
recess.  The  experimental  assembly  is  shown  in  Fig. 


1.  Temperatures  were  estimated  using  a  Pt/Pt- 
10%Rh  thermocouple  without  regard  for  the  pressure 
effect  on  the  thermoelectromotive  force.  The  HPA 
was  pressure  graduated  from  polymorphic 
transformations  of  bismuth  Bi  I-II  (2.54  GPa),  Bi  VI- 
VII  (7.71  GPa)  and  lead  selenide  PbSe  I-II  (4.23 
GPa)  at  20  °C. 

Alloys  containing  66.7  at.%  Cu,  33.4  at.%  Mg  and 
33.4  at.%  Cu,  66.7  at.%  Mg  were  preliminary 
produced  at  4  GPa  and  1600  °C.  Then  alloys  were 
crushed  into  powder,  mixed  with  55  at.%  graphite 
and  the  mixture  w'as  placed  into  the  HP  cell  (Fig.  1 ). 

The  phase  composition  and  structure  of  samples 
were  studied  by  scanning  electron  microscopy.  X-ray 
diffraction  and  microstructure  analyses. 

The  structure  of  alloys  containing  30  at.%  Cu,  15 
at.%  Mg  produced  at  7.7  GPa  and  1220-1610  °C  are 
shown  in  Figs.  2,  3.  It  is  seen  that  coarse  grains  of 
the  Cu?Mg  intermetallide  prevail  in  these  alloys. 
There  are  inclusions  of  graphite  and  carbide  phases 
of  small  sizes.  With  increasing  temperature  the 
differentiation  between  individual  phase  constituents 
is  clearer. 


Fig.  2.  SEM-micrograph  of  alloy  obtained  at  1220°C 
and  7.7  GPa,  (360x). 
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Fig.  3.  Microstructure  of  alloy  obtained  at  1610°C 
and  7.7  GPa,  metallography  (500x). 


CuMg2  phase  and  carbide  MgC  form  in  the  samples 
containing  15  at.%  Cu,  30  at.%  Mg  and  prepared  at 
7.7  GPa  and  1 220-161 0°C  (Figs.  4-6).  The  formation 
of  MgC  carbide  agrees  with  the  data  reported  in  [2], 
Also,  more  eutectic  is  observed  as  compared  with 
that  in  samples  containing  30  at.%  Cu,  15  at.%  Mg. 


Fig.  4.  Microstructure  of  alloy  obtained  at  1220°C 
and  7.7  GPa,  (200x). 

The  region  of  diamond-liquid  stable  equilibria  under 
the  p.T  conditions  being  studied  was  not  reached. 

Our  findings  have  allowed  us  to  predict  the  melting 
diagram  of  the  Cu-Mg-C  system  under  atmospheric 
and  high  pressures,  which  should  be  characterized  by 
the  nonvariant  four-phase  eutectic  equilibrium  with 
participation  of  carbon. 


Fig.  5.  Microstructure  of  alloy  obtained  at  1430°C 
and  7.7  GPa,  (200x). 


Fig.  6.  Microstructure  of  alloy  obtained  at  1850°C 
and  7.7  GPa,  (200x). 

References 

1 .  A.  V  Andreyev ,  H.  Kcmda  Diamond  formation 
and  wettability  in  a  Mg-Cu-C  system  under  high 
pressure  and  high  temperature  //  Diamond  and 
related  materials.  -1997.  -Ar°6.  -P.  28-32. 

2.  A. A  Shul'zhenko,  I.  Yu.  Ignat'evci,  N.N.  Blyavina, 
and  f.S.  Belousov  Phase  diagram  of  magnesium- 
carbon  system  at  a  pressure  of  7.7  GPa  //  Soviet 
Journal  of  Superhard  Materials-1988.  N°6- 
C.  3-5. 


148 


I.  FUNDAMENTAL  PROBLEMS  OF  MATERIALS  SCIENCE 
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Introduction:  Design  and  functioning  of  contem¬ 
porary  powerful  superconducting  systems  involve 
tremendous  mechanical  stresses.  So,  changes  of  the 
composites  characteristics  under  the  conditions  (or 
mechanical  stresses  effects  on  critical  parameters  of 
superconductors)  still  remain  an  urgent  scientific  and 
technological  problem  because  they  can  be  signifi¬ 
cant  and  are  to  be  taken  into  account. 

The  major  part  of  relevant  research  deals  with 
tension  and  bending  effects  on  the  critical  current 
density  jc  and  the  upper  critical  field  Hc 2-  Studies  of 
the  critical  temperature  Tc  changes  under  mechanical 
loads  are  less  numerous,  and  only  in  some  instances 
loads  other  than  listed,  e.g.  transverse  compression, 
were  used.  Therefore,  we  carried  out  investigations 
of  the  effects  of  both  uniaxial  tensile  and  transverse 
compressive  stresses  on  critical  parameters  of  a  num¬ 
ber  of  superconducting  composites. 

Materials:  1)  Cu-Nb  in  situ  composite  wires  that 
are  of  growing  interest  in  virtue  of  unique  combina¬ 
tion  of  their  high  strength  and  high  normal  electrical 
conductivity  combined  with  their  superconductivity 
[1,2];  2)Cu-NbTi  and  bronze-M^Sn  commercial 
composites.  Two  sets  of  multifilamentary  composites 
Cu-Nb  prepared  in  situ  from  the  initial  alloy  Cu-40 
wt%  Nb  were  investigated  [3].  They  differed  in  their 
final  diameters  dj  and  true  strain  b=\T\(d\^ld'p-),  used 
as  the  measure  of  deformation  at  the  final  stage  of 
wire  production. 

Experimental  technique:  two  sets  of  experiments 
were  carried  out:  a)  uniaxial  tension  ( a,s )  vs.  resis¬ 
tive  critical  field  (HY  )  study  of  Cu-Nb  in  situ  com¬ 
posites  ( a-studies );  b)  uniaxial  tension  and  uniaxial 
transverse  compression  (a,c)  vs.  critical  temperature 
(Tc  )  studies  of  all  the  three  types  of  composites  lb- 
studies).  Resistive  measurements  in  the  both  sets  of 
studies  were  carried  out  using  4-probe  scheme.  Volt¬ 
age  drop  U  across  the  potential  leads  on  a  sample  test 
section  was  applied  to  the  Y-input  of  a  plotter.  Then, 
for  a-studies,  composite  samples  were  mounted  at  the 
axis  of  a  superconducting  solenoid  and  subjected  to 
tensile  load.  Signal  proportional  to  the  solenoid  cur¬ 


rent  and,  hence,  to  generated  magnetic  field,  was  ap¬ 
plied  to  the  X-input  of  the  plotter.  Gradual  or  step¬ 
like  feeding  of  the  solenoid  caused  transition  of  a 
sample  from  superconducting  to  normal  state  (and 
back),  and  the  transition  curve  was  registered  by  the 
plotter.  Value  of  resistive  critical  field  Hr  was  deter¬ 
mined  at  the  middle  point  of  the  transition  curve. 
These  measurements  were  carried  out  in  liquid  he¬ 
lium  at  4.2  K  for  both  the  initial  and  loaded  states  of 
a  sample. 

For  b-studies,  under  uniaxial  tension,  samples 
were  placed  inside  an  electrical  heater  wound  on 
copper  tube,  the  whole  assembly  being  installed  then 
into  two-wall  dewar  that  separated  the  assembly  from 
liquid  helium  environment.  Temperature  sensor  was 
mounted  in  the  middle  of  a  sample  test  section  in 
good  thennal  contact  with  it,  and  signal  from  the  sen¬ 
sor  was  applied  to  the  X-input  of  the  plotter.  The 
middle  point  of  a  superconducting  transition  curve 
was  adopted  as  a  sample  critical  temperature  Tcm  . 
For  uniaxial  transverse  compression  studies,  a  section 
of  a  composite  under  investigation  with  soldered  po¬ 
tential  leads  was  placed  between  compressing  sur¬ 
faces.  Space  between  potential  leads  was  less  than 
the  compressed  section  to  eliminate  edge  effects.  Ad¬ 
ditional  precautions  to  make  experimental  environ¬ 
ment  more  isothermal  were  undertaken.  Other  details 
of  the  experimental  procedure  were  similar  to  those 
for  uniaxial  tension  studies. 

Results  and  discussion:  a-studies  produced  the 
following  results  for  Cu-Nb  in  situ  composites: 

1.  Hr  increases  gradually  from  Htq  ~  12.3  kOe  to 
Hr  max  -16.8  kOe  as  the  composite  uniform  defor¬ 
mation  proceeds,  that  is  for  stress  a  increasing  from  0 
to  1.6  GPa.  So,  the  initial  Hr  value  absolute  increase 
is  AHr  max  «  4.5  kOe  and  the  relative  one  (hT  =HY 
/Htq  )  is  Shv  max  »  37%,  the  average  derivative  dHr 
Ida *  2.8  Oe/MPa  (280  Oe/kbar); 

2.  Superconducting-to-normal  state  transition 
width  AH  increases  also  from  the  initial  value  AHq  » 
3  kOe  to  AH max  »  4.8  kOe  at  cr=1.6  Gpa. 
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3.  hx  irreversible  increase  due  to  plastic  strain  of 
the  sample,  after  the  initial  loading  to  <7  =1.6  Gpa 
followed  by  unloading,  is  Shr  irr  «  12%. 

4.  Dependence  for  the  relative  critical  field  vs. 
stress  Shx  (cr)  under  cyclic  loading  is  similar  to  that 
for  the  stress-strain  curve  0(e),  which,  as  shown  by 
our  earlier  studies  [4],  is  of  hysteretic  character.  De¬ 
pendence  for  the  relative  critical  field  vs.  total  strain 
8hx  (£t  )  is  single-valued  under  these  conditions  for 
the  region  of  the  composite  unifonn  loading. 

To  account  for  Hr  changes  under  mechanical 
loads,  consider  relation  between  the  upper  critical 
field  Hc 2  and  the  thermodynamic  critical  field  Hc, 

Hc2=  42kHc,{\) 
where  k  is  Ginzburg-Landau  parameter.  It  follows 
from  Equation  (1)  that,  in  principle,  either  rc  or  Hc  (or 
both)  increase  can  account  for  Hc2  increase.  As  con¬ 
cerns  Hx 0  (5)  dependence,  here,  no  doubt,  an  impor¬ 
tant  role  is  played  by  k.  According  to  Gor’kov- 
Goodman  formula, 

k=  a:o  +  7.5»103  ,  (2) 

where  kq  is  the  parameter  of  an  initial  material,  y  is 
Sommerfeld  constant,  p^  is  a  material  specific  elec¬ 
trical  resistivity  in  the  normal  state.  An  in  situ  com¬ 
posite  preparation  process  involves  very  high  plastic 
deformations  resulting  in  formation  and  storage  of 
dramatic  number  of  strain  defects.  These  factors  re¬ 
duce  significantly  the  electron  mean  free  path  and, 
therefore,  increase  p^  As  our  results  evidence,  nio¬ 
bium  filaments  real  defect  structure  is  characterized 
by  the  “knife-like”  boundaries  between  relatively 
dislocation-free  regions  of  the  material  [5].  This 
brings  to  very  high  dislocation  densities  and  internal 
stress  levels  in  the  boundaries  and,  therefore,  to  sub¬ 
stantial  increase  of  local  a:  and  Hc  values  and,  finally, 
to  Hc2  increase. 

Our  experimental  results  demonstrate  that  tech¬ 
nologically  formed  dislocation  structures  of  in  situ 
composites  favour  significant  rise  of  the  resistive 
critical  field  Hx  and  its  mechanical  load  sensitivity. 
Analysis  of  our  data  shows  that  Ginzburg-Landau  pa¬ 
rameter  k  and  the  thennodynamic  critical  field  Hc  of 
niobium  filaments  are  the  most  probable  causes  of 
both  Hx  (and  Hc2 )  value  increase  and  its  load  sensi¬ 
tivity  dHx  /da  (or  dHx  /ds  t  )  rise.  Ginzburg-Landau 
parameter  rc  changes,  resulting  from  Cu-Nb  in  situ 
composites  preparation  technology,  bring  to  Hx 0  in¬ 
crease  and  //r0(<5)  dependence,  and  relationship  be¬ 
tween  Hc  and  a  results  in  the  observed  Hx  (a)  de¬ 
pendence. 

b-studies  resulted  in  the  following  findings: 


In  situ  Cu-Nb  composites:  Tcxn  under  uniaxial 
tensile  stress  behaves  itself  qualitatively  similar  to  the 
composite  resistive  critical  field  Hx  :  the  dependence 
on  stress,  Tcm  (a ),  is  of  hysteretic  character,  while 
that  on  total  strain,  Tcm  (e  t),  is  uniquely  determined. 
The  latter  result  indicates  a  universal  dependence  of 
Tcm  on  stress  &  applied  to  niobium  filaments.  The 
average  derivative  dTcxn  Ida  =  4* ICC4  K/MPa  for 
the  Cu-Nb  composite  (as  well  as  its  dHx  Ida )  ex¬ 
ceeds  respective  value  for  pure  Nb  about  an  order  of 
magnitude.  Again,  the  real  dislocation  structure  of  the 
composite  (particularly,  very  high  dislocation  density 
at  the  “knife-like”  boundaries)  may  be  responsible 
for  so  high  dTcm  /day alues. 

Uniaxial  compression  of  the  composite,  similarly  to 
tension,  results  in  7’cm  increase,  the  effect  being  of  a 
threshold  character. 

Composite  Cu-NbTi:  Its  Tcxn  (a )  and  Tcxn  ( s  t )  de¬ 
pendences  under  uniaxial  tensile  stress  are  similar  to 
those  of  Cu-Nb,  but  have  the  contrary  sign.  The  most 
probable  physical  mechanism  of  Tc  decrease  in  this 
composite  under  a  load  is  strain  induced  martensitic 
transformation  in  NbTi. 

Uniaxial  compression  produces  no  measurable  ef¬ 
fect  on  the  composite  Tc  . 

Composite  bronze-Nbj_Sn:  both  uniaxial  tension  and 
compression  of  the  composite  result  in  its  Tc  de¬ 
crease.  As  well  as  in  the  case  of  Cu-Nb  composite, 
the  observed  effect  under  uniaxial  compression  is  of 
a  threshold  character. 

These  results,  along  with  our  and  reference  evi¬ 
dence  on  excellent  combination  of  high  mechanical 
and  electrical  properties  of  Cu-Nb  in  situ  composites, 
prove  them  to  be  promising  for  use  in  specific  super¬ 
conducting  devices  and  circuits. 

References 

1.  K.Watanabe,  S.Avaji,  K.Takahashi,  and 

M. Motokawa,  Physica  B  294-295;  541;  (2001) 

2.  L.Tilly,  F.Lecouturier,  G.Coffe,  J.P.Peyrade, 
Physica  B  294-295,  648  (2001) 

3.  V.I.  Dotsenko,  I.F.  Kislyak,  F.F.  Lavrentiev, 
V.T.  Petrenko,  Yu. A.  Pokhil,  and  M.A.  Tikhonov- 
sky,  Mekhanika  Kompozitnykh  Materialov  N  1,  50 
(1988)  (in  Russian) 

4.  E.M.  Bronina,  V.I.  Dotsenko,  I.F.  Kislyak,  and 

N. M.  Chaykovskaya,  Cryogenics  30,  889  (1990) 

5.  V.K.  Aksenov,  N.F.  Andrievskaya,  O.I.  Vol- 
chok,  M.M.  Oleksienko,  Ya.D.  Starodubov,  and 
M.A.  Tikhonovsky,  Metallofizika  13,  24  (1991)  (in 
Russian) 


150 


I.  FUNDAMENTAL  PROBLEMS  OF  MATERIALS  SCIENCE 


BEHAVIOUR  FEATURES  OF  QUARTZ  CERAMICS  WHEN  CONTACTING 
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Alkanotrophic  rhodococci  is  one  of  the 
most  biotechnologically  prospective  bacteria 
groups  being  developed  in  microbiology.  This 
increased  interest  is  caused  by  their  functional 
variety  and  intrinsic  complex  of  metabolic 
properties  to  survive  in  extreme  living 
circumstances.  Exclusive  plasticity  and  high 
adaptability  of  rhodococci,  non-specific  action  of 
ferments  synthesized  by  them,  ability  to  attack  the 
diversified  components  of  environment  provide  a 
high  survival  rate  of  rhodococci  and,  as  a  rule, 
their  leading  position  under  extreme  conditions  of 
external  environment  [1]. 

Data  concerning  influence  of 
microorganisms  on  composite  ceramic  materials 
are  practically  not  present.  Nevertheless,  it  is 
known  that  more  than  50  %  of  all  corrosion 
damages  of  inorganic  materials  is  connected  with 
activity  of  various  groups  of  microorganisms.  In 
most  cases  they  promote  creation  of  aggressive 
environments  due  to  accumulation  of  metabolism 
products,  in  which  the  corrosion  processes  are 
accelerated. 

When  solving  the  problem  of  ceramics 
reliability,  that  is  ability  to  operate  in  adverse 
conditions  for  many  years,  many  factors  are 
required  to  be  considered  in  detail,  and  among 
them  not  the  least  important  is  the  microbial  cells 
interaction  with  ceramic  materials.  The  issue  of 
microorganisms  influence  only  on  natural 
minerals,  used  as  raw  material  for  manufacture  of 
ceramics,  has  been  most  fully  investigated  [2]. 

Ceramic  materials  with  a  high  porosity  are 
of  interest  as  biocatalyst  carriers  in  organic 
synthesis  or  bioagents  for  cleaning  an  environment 
[3,  4].  Efficiency  of  their  operation  in  this  case  is 
directly  connected  with  the  problem  of 
microorganisms  and  ceramics  interaction.  In 
earlier  studies  of  bacteriological  resistance  of  high- 
porosity  aluminosilicate  materials  [5,  6]  it  was 
experimentally  shown  that  rhodococci  intensify  not 
only  destruction  processes  of  ceramic  material,  but 
also  epitaxial  processes  accompanied  with  samples 
mass  and  strength  increase.  The  determination  of 
phase  composition  of  products  precipitation  is  a 
quite  difficult  task,  as  it  concerns  the  surface 


phenomena  in  thin  ceramic  films  of  irregular 
shape. 

As  objects  for  investigation  of  influence  of 
rhodococci  alkanotrophic  cells  and  /or  their  life 
products  on  destruction  processes  and  phases 
formation  in  aluminosilicate  ceramic  materials,  a 
line  of  various  composition  materials,  including 
quartz  ceramics,  were  considered.  The  quartz 
ceramics,  produced  by  sintering  the  amorphous 
silica  or  quartz  glass  breakage  at  temperatures 
lower  than  melting  temperature,  differs  from  the 
overwhelming  majority  of  ceramic  materials  by  the 
absence  of  crystal  phase  [7].  The  dual  nature  of  a 
quartz  glass  surface  containing  silanol  and  siloxane 
groups,  i.e.  simultaneously  hydrophilic  and 
hydrophobic  microsites  [8],  relates  to  prospective 
features  of  quartz  ceramics. 

In  this  work  a  pure  culture  of  R.  ruber 
IEGM  231  rhodococci  received  from  Regional 
profiled  collection  of  Alkanotrophic 
microorganisms  of  Institute  Ecology  and  Genetics 
of  Microorganisms  Ural  Branch  of  Russian 
Academy  of  Sciences  was  applied  [9]. 
Bacteriological  resistance  of  high  porosity  quartz 
ceramics  was  tested  by  feeding  the  test  samples 
into  mineral  environment  containing  0.003  % 
acrylamide  as  a  carbon  source  and  4.0X109 
rhodococci  cells  /  ml  concentration.  Into  a 
reference  sample,  the  bacterial  suspension  was  not 
entered.  X-ray  structure  phase  analysis  was 
performed  with  DRON-3M  diffractometer  in  a 
cobalt  radiation  with  application  of  (3-filter. 
Infrared  spectra  were  recorded  with  IFS-66  Fourier 
spectrometer  (Bruker,  Germany).  The  received 
spectra  were  transformed  to  a  zero  base  line. 

The  quartz  ceramics  produced  by  sintering 
of  a  quartz  glass  is  considered  as  an  amorphous 
material  crystallized  at  temperatures  more  than 
1000  °C  with  formation  of  crystallite. 
Nevertheless,  infrared  spectra  of  an  initial  material 
have  alongside  with  halo  a  doublet  typical  for  a  - 
quartz  in  the  780  cm'1  region.  When  surveying  by 
points,  the  quartz  relicts  can  also  be  selected  on 
diffractogram  (fig.  1). 

After  holding  for  1  week  in  control 
conditions,  quartz  relicts  disappeared  and 
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amorphization  of  the  material  occured.  The 
holding  in  culture  environment  promoted  a 
crystallization  of  quartz  ceramics  marked  on 
infrared  spectra  by  increase  of  absorption  intensity 
in  the  region  of  1000-1200  cm'1  being  a  typical 
area  of  absorption  for  the  condensed  groups 
[-Si04],  and,  also,  on  diffractograms. 


Fig.  1 .  A  diffractogram  fragment  of  an  initial  sample  of 
quartz  ceramics. 


To  perform  an  exact  identification  of 
crystallized  compounds  for  such  short  holding 
periods  is  difficult.  Longer  exposures  will  allow  to 
determine  which  silica  crystal  shapes  are  newly 
formed  and  whether  the  quartz  remains  as  relict  in 
an  initial  material. 

The  mass  losses  of  quartz  ceramics  in  the 
reference  and  test  specimens  are  practically 
identical  (0.37±0,04  %  and  0.40±0,06  % 

correspondingly).  Strength  of  high-porosity 
materials  in  general,  and,  in  particular,  quartz 
ceramics,  strongly  depends  on  material  density. 
When  density  is  reduced  there  is  an  essential 
decrease  of  strength  characteristics,  less 
appreciable  for  crystal  materials  such  as  corundum 
or  cordierite,  and  very  sharp  for  amorphous 
materials.  In  this  connection,  it  is  most  correct  to 
appreciate  the  change  of  strength  at  compression 
not  by  average  values,  but  by  the  strength  curve  at 
compression  vs.  apparent  density  of  material.  Such 
plots  are  given  in  a  fig.  2. 


CT,  MPa 


0.40  0.50  0.60  0.70 

p,  g/cm3 

Fig.  2.  Dependence  of  strength  on  density:  1  -  initial 
material;  2  -  reference^  -  test. 


change  of  its  strength.  The  plots  1  and  2  practically 
coincide.  When  holding  in  culture  environment 
there  is  a  strength  decrease  of  quartz  ceramics  (plot 
3).  It  is  necessary  to  note  that  the  crystallization  of 
quartz  ceramics  at  high  temperatures  is  also 
accompanied  with  reduction  of  material  strength 
down  to  destruction.  So,  even  at  the  treatment  for  1 
week  the  difference  of  material  behaviour  under 
reference  and  test  conditions  can  be  recorded. 
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Amorphization  of  material  marked  in 
reference  conditions  is  not  accompanied  with 
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EFFECT  OF  HARDENING  ON  INTERNAL  FRICTION  IN  Ti- ALLOY 

Konstantinova  T.E.,  Rvnmshina  T.A.(1),  Nosolev  I.K.,  Pilipenko  N.P. 

Donetsk  Physicist-Technical  Institute  NAS  of  Ukraine,  Donetsk,  Ukraine 
(1  Donetsk  National  Technical  University,  Donetsk,  Ukraine 


Internal  friction  is  one  of  methods  for  investigation 
of  structure  and  properties  in  materials.  Importance 
of  this  method  consists  in  its  non-distractive  action. 
The  effect  of  mechanical  and  heat  treatment  on  the 
properties  of  titanic  allow  VT22  was  investigated 
by  studying  of  temperature  dependence  of  internal 
friction. 

The  Ti-allow  VT22  used  in  this  study  contained 
the  followed  impurities  (%):  5  Al,  5  Mo,  5V,  lCr, 
IFe.  The  alloy  had  two-phase  and  temperature  of 
phase  transition  a  +  (3  — in  interval  was  840- 
870°C.  The  cylindrical-shaped  samples  3.2  mm  in 
diameter  and  24-35  mm  in  length,  depended  on  the 
temperature  of  hardening,  were  annealed  at  600- 
1200°C  for  1  h  and  water  cooled  to  20°C.  Part  of 
samples  was  hardened  in  vacuum  quartz  ampoules. 
After  hardening  samples  were  hydroextruded  and 
uniaxial  strain  deformed  before  10%.  Ultrasound 
absorption  within  temperature  interval  80-300  K 
was  measured  by  method  of  component 
piezoelectric  vibrator,  agitating  in  sample 
longitudinal  oscillations  on  frequency  73  kHz. 

The  maximum  of  internal  friction  is  discovered  at 
145-160K  as  a  result  of  measurements.  The 
location  of  maximum  depends  on  hardening* 
temperature.  Increase  the  hardening  temperature 
from  600  before  900°C  cause  a  change  of 
temperature  of  maximum  from  145  to  160K,  at  that 
the  value  of  logarithmic  decrement  SCLnax)  changes 
almost  by  order  of  magnitude  greater  (fig.l). 
Further  mechanical  deforming  practically  does  not 
influent  on  location  of  maximum.  There  is  small 
increase  of  the  damping  at  200  -  300  K  only. 

It  is  known  that  the  ultrasound  absorption  in 
material  is  connected  with  energy  dissipation  as 
consequence  of  viscosity  and  thermal  conductivity. 
Since  study  of  internal  friction  was  conducted 
under  comparatively  low  temperature,  we  suppose 
that  warm-up  contribution  is  small  and  the  main 
contribution  to  damping  was  due  to  the  absorption 
of  impulse  on  the  defect  structure  of  material.  The 
value  of  energy  of  activation,  calculated  on  Marx- 
Verts  equation,  points  to  grain  boundary  nature.  In 
all  probability  the  formation  of  damping  maximum 
is  connected  with  a  growth  and  relaxation  of  the 
boundary  micro  stresses  when  temperature 


decreased.  Really,  the  temperature  decrease  causes 
a  misfit  deformation  on  the  phase  boundary  which 
is  conditioned  by  difference  of  elastics  modulus 
and  thermal  expansion  factor,  as  well  as  their 
different  anisotropy. 

Hardened  from  the  temperature  600-900°C  from  a 
+  (3  -  state  alloy  VT22  consists  (3-phase  (BCS- 
lattice)  and  a  certain  amounts  a-phases  (HCP- 
lattice).  Lattice  parameters  of  phases  and  their 
elastic  modules  essentially  differ  from  each  other, 
and  the  factor  of  anisotropy  for  a-phase  is  A  = 
1.33,  for  and  for  P-phase  0.96.  When  the  hardening 
temperature  increases  from  600°C  to  900°C,  the 
amount  of  P-phase  increases  from  20  to  90%.  The 
growth  of  P-phase  separations  is  accompanied  by 
increasing  of  phase  boundaries  amount,  theirs  total 
extent  and  volume  share,  residing  under  influence 
this  boundaries  too.  This  growth  of  boundary  is 
revealed  as  increasing  of  the  damping  on  the 
function  <5  (T),  (fig.l). 


.5,  104 


hardening  ■  -  800°C,  ▲  -  700°C,  •  -  600  C 
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The  additional  boundary  stresses  induced  by  misfit 
deformation  on  the  phase  boundary  at  temperature 
decrease  have  been  valued  on  equation  in  the  limit 
of  elastic  theory: 


dajdn 

da'  =  ^n~mT 


(1) 


where  dat  is  additional  thermal  misfit  stresses,  T  is 
temperature,  sjlk]  hs^’  -are  modules  of  flexibility 
for  a-  and  p-phase,  which  are  inverse  to  modules 
of  elasticity,  dak  /  dn  is  a  change  of  thermal 
expansion  coefficient  on  the  phase  boundary. 


Estimations  ed  on  formula  (1)  show  that  value  of 
thermal  misfit  stresses  is  approximate  0.2  MPa/K. 
These  stresses  reach  20-40  MPa  when  the 
temperature  decreases  on  100  -  200°K.  They  can 
relax  by  means  forming  the  new  defects.  In  our 
allows  the  relaxation  is  realized  on  martensite. 
Formed  in  samples  the  new  structure  changes  the 
material  characteristics 


The  Value  of  Young’s  modulus  was  calculated  on 
experimental  results  by  means  of  equation: 


c  = 


2  2  2  > 
n  v  r 


dl2 


(2) 


where  C  is  velocity  of  sound  in  material,  p  is  the 
material  density,  v  is  Poisson’s  coefficient,  r,  l  are 
the  radius  and  length  of  sample.  Magnitudes  of 
Young’s  module  as  function  of  hardening 
temperature  and  under  different  conditions  shown 
on  the  fig. 2. 


The  decrease  of  Young’s  module  was  observed  in 
interval  of  hardening  temperature  600-900  °C,  but 
module  much  increased  from  the  temperature 
above  900  °C  in  water-hardening  samples  in 
contrast  with  samples,  which  were  hardened  in 
vacuum  ampoules.  The  decrease  of  Young’s 
module  at  hardened  from  900°C  was  obtained 
earlier  and  one  was  explained  by  increase  of  the 
volume  share  of  less  packed  metastable  BCS- 
phase. 


However,  observed  in  given  work  the  increase  of 
module  beside  35%  is  an  enough  big  to  its  possible 
was  explain  change  of  phase  from  HCP-  to  BCS- 
structure,  which  gives  the  contribution  to  module 
not  more  than  10%. 


E,  nia 


Fig. 2  .  Hardening  temperature  dependence 
Young’s  module  in  vacuum  (•)  and  in  water(  A). 

In  our  opinion,  stabilizing  elements,  in  particular 
hydrogen,  enrich  p-phase  and  cause  the  observed 
increase  of  Young’s  module.  It  is  known  that 
hydrogen  solubility  in  p  -  phase  greatly  above,  than 
in  a-  phase,  but  essential  absorption  hydrogen 
occurs  under  the  temperature  above  850  -  960°C 
under  gas  heating.  Consequently,  titanium  alloy  in 
P-state  absorbs  hydrogen  intensive  and  the 
hydrogen  concentration  is  increases  with  the 
growth  of  hardening  temperature  in  this  conditions. 

Data  of  mechanical  test  on  strain  are  evidence  of 
essential  decrease  of  plasticity  within  the 
temperature  interval  that  points  to  increase 
hydrogen  concentration  in  P  —  phase  too.  Elastic 
module  almost  didn’t  change  in  exposed'  to 
hardening  in  vacuum  quartz  ampoules  samples.. 
Thus  obtained  results  allow  to  expect  that 
hydrogen  influences  upon  elastic  modules  and 
properties  of  titanium  alloy  VT22. 
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ABOUT  NANOSIZABLE  STRUCTURES  UNDER  THE  ELECTROPLAS¬ 
TIC  DEFORMATION 


Petrunin  V.A.,  Tzellermaer  V.Ya.,  Gromov  Y.E. 

Siberian  state  university  of  industry,  Novokuznetsk,  Russia 


The  synergetic  ideology  of  the  laving  of  the  plas¬ 
tic  deformation  by  large  scale  displacements  of 
the  medium  for  the  calculation  of  theoretical  and 
experimental  micro-  and  macroparameters  of  the 
medium.  Microparameters  are  connected  with 
physical  phenomena  on  atomic  and  defect  (dislo¬ 
cated)  levels,  and  macroparameters  -  with  grain 
and  pore  (sometimes  cracks  as  for  the  fatigue) 
ones. 

Physical  phenomena,  realized  under  the  elec- 
trostimulated  drawing  and  the  fatigue  are  similiar, 
especially  on  the  meselevel  (slaving  of  fixed  dis¬ 
location  by  mobily  ones,  the  critical  degree  of  the 
plastic  deformation).  It  is  expressed  in  the  trans¬ 
formation  of  large  scale  displacements  from  the 
grains  level  to  the  microcracks  level  on  the  lan¬ 
guage  of  physical  quantities,  used  in  [1].  This 
transformation  from  the  one  scale  to  another  one 
(grain  to  crack)  can  be  connected  with  the  realiza¬ 
tion  of  the  phase  transition  with  the  physical 
quantity  (the  order  parameter  [1]  )  -  nonequilib¬ 
rium  displacements.  But  such  growthing  of  the 
space  scale  is  nonadequate  to  the  kinetic  phase 
transition  and  have  the  character  of  the  scaling, 
that  is  typical  for  usual  (equilibrium)  phase  tran¬ 
sitions.  So  the  transition  from  the  one  level  to  an¬ 
other  one  possible  can  be  explained  by  not  details 
of  the  dislocation  ansamble  reconstruction  and  its 
selforganization  with  the  growth  of  the  plastic 
deformation  degree  [1]  (because  of  the  pure  ex¬ 
perimental  information),  but  space  peculiarities  of 
the  plastic  deformation  evolution.  Thesepeculiari- 
ties  of  the  plastic  deformation  can  be  result  of  the 
another  scheme  of  the  cooperative  evolution  of 
meso-  (defects,  fragments  [1]  )  and  macrodefor¬ 
mation  (grains,  macrocracks,  pores,  etc  [1] ). 


The  result  of  the  universality  and  the  scaling  [1,2] 
is,  for  exemple,  the  formation  of  the  nanosizable 
structure  of  second  phase  particles  (Fe3C)  on  the 
fragments  boundaries  [2],  This  formation  is  con¬ 
nected  with  mobili  dislocations.  Dislocations  of 
the  grain  boundary  (dislocations  walls  -  small 
angle  biundaries)  possibly  are  characterized  by  the 
universality  and  the  scaling  too.  The  experimental 
visialization  of  the  scaling  under  conditions  of  the 
nonequlibirium  transition  is  discussed  in  [2].  Cal¬ 
culations  of  related  mesoscopic  characteristics  of 
the  dislocation  ansamble  and  the  deformed  me¬ 
dium  (c,  -  the  con-elation  length  etc)  are  realized  in 
[2], 

Many  experimental  results  about  the  electroplastic 
deformation  are  very  good  correlated  with  expres¬ 
sion  for  electron  wind  stresses  a  =  (moF/e)j,  used 
by  us  in  [1],  where  m  -  the  electron  mass,  uF  -  the 
electron  velocity  on  the  Fermi  surface,  e  -  the 
electron  charge,  j  -  the  electrical  current  density. 

ft 

So,  the  growth  of  own  stresses  of  mobile  disloca¬ 
tions  (determined  by  the  electron  wind)  is  the 
source  of  nanosizable  structures  in  the  material. 

1 .  V.A.Petrunin,  V.V.Kovalenko, 

S.V.Konovalov,  V.E. Gromov,  O.V.Sosnin  // 
Izv.vuzov.  Tcheumaya  metallurgia.-  2000.- 
12.- p.46-50. 

2.  V.A.Petrunin,  V.Ya.Tsellermaer, 

V.E.Gromov  //  IY  international  school- 
seminar  “Evolution  of  the  defects  structures  in 
condenced  media”  (Brief  reports,  2-7  Septem¬ 
ber,  1998),  AltGTU,  Barnaul,  Russia, 
ed.M.D.Staros-tenkov,-  p.50. 
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ALUMINUM  ALLOYS  HARDENING  BASED  ON  PHASE  TRANSFORMA¬ 
TIONS  OF  PERITECTIC  TYPE 

Zinkovsky  G.,  Spiridonova  I..  Litvin  B. 

Dnipropetrovs’k  National  University 


It  was  shown  in  [1]  that  while  annealing  be¬ 
low  the  temperatures  of  a  solidus  in  binary  Al- 
Mn,  Al-Cr,  Al-V,  Al-Mo  systems  during  the 
completion  of  unfinished  peritectic  transforma¬ 
tions  a  microhardness  of  a  solid  solution  of  alu¬ 
minum  increases  and  its  lattice  parameter 
changes.  Subsequently,  the  effect  of  supersatura¬ 
tion  of  an  aluminum-based  solid  solution  with 
transition  elements  was  observed  in  the  same 
conditions  and  for  ternary  Al-Cu-  (Mn,  Cr,  V,  W, 
Mo)  alloys[2].  Besides,  in  this  work,  the  increase 
of  microstresses  in  the  solid  solution  was  fixed  as 
a  result  of  peritectic  transformation  due  to  a  dif¬ 
ference  in  specific  volumes  of  the  phases. 

In  this  abstract,  the  attempt  is  taken  to  utilize 
the  found  phenomena  of  the  improvement  of  a 
strength  of  high-  alloyed  aluminum  alloys  using  an 
example  of  ternary  Al-Cu-  (Mn,  Cr,  V,  W,  Mo) 
systems. 

The  alloys  were  melted  using  pure  aluminum 
of  AB000  grade,  double  rich  alloys,  and  electro¬ 
lytic  copper  in  graphite  crucibles.  Melt  was  poured 
at  temperatures  from  1073  to- 1 173  K. 

Strength  tests  were  carried  out  using  speci¬ 
mens  obtained  as  follows.  .The  casting  30  by  30 
mm  in  cross  section  and  from  240  to-250  mm  in 
length  was  cut  in  4  pieces  along  longitudinal-  di¬ 
rection.  The  bars  had  been  subject  to  the  heat 
treatment,  then  three  test  samples  t  were  fabri¬ 
cated.  Heat  treatment  was  carried  out  in  a  retort 
furnace  in  a  massive  metal  box.  with  temperature 
accuracy  of  5  K.  An  artificial  aging  of  alloys  was 
carried  out  at  a  temperature  of  453  K.  The  me¬ 
chanical  tests  were  implemented  on  small  five- 
multiple  samples  made  to  TOCT  1497  (d0=5mm,  l0 
-25  mm),  using  "LUIM-2.5t"machine. 

Five  alloys  (their  percentage  compositions  by 
weight  are  specified  in  Table)  were  prepared  for 
exploration  of  influence  of  heat  treatment  on  me¬ 
chanical  characteristics.  A  first  stage  of  heat  treat¬ 
ment  should  be  a  homogenizing  annealing  (Hom)at 
temperatures  below  the  melting  point  of  an  eutec¬ 
tic.  A  consequent  high-temperature  annealing 
(HTA)  and  age-hardening  (AH)  should  increase 
alloy  properties.  For  comparison,  one  more  group 
of  samples  -  homogenized  and  aged  was  produced. 
The  AH,  in  this  case,  was  preceded  by  hardening 
heat  up  to  temperature  of  the  HTA. 


The  microstructure  analysis  has  shown  that  in  the 
initial  condition  (IC)  the  cast  alloys  consist  of  a 
supersaturated  solid  solution,  an  Al-AI2Cu  eutec¬ 
tic,  being  situated  along  the  boundaries  of  grains, 
and  dispersible  aluminides,  namely:  Al4Mn, 
Al5Mo,  A!3V,  ALjW,  AI7Cr  -  depending  on  alloy¬ 
ing  elements.  The  first  stage  of  heat  treatment  - 
homogenizing  annealing-  leads  to  the  dissolution 
of  the  Al2Cuphase,  and  on  the  microsection  only 
the  traces  of  the  varnished  eutectic  are  visible.  In 
Al-Mn-Cu,  Al-V-Cu  systems  after  homogenizing 
annealing  substantially  phase  transformations 
AI4Mn->Al6Mn+Cu2Mn3A!20  and  AI3V->AlnV 
proceeds.  In  Al-W-Cu  system  the  beginning  of 
transformation  A1.,W-»A112W  is  observed.  To  de¬ 
termine  the  highest  possible  temperature  of  the 
HTA,  the  differential  thermal  analysis  was  carried 
out  for  homogenized  samples.  The  results  are  pre¬ 
sented  in  the  Table 


Table 

Results  of  differential  thermal  analysis 


Temperature,  K 

Eutec¬ 

tic 

a  solid  so¬ 
lution 

AlxMe- 

AlvMe 

N 

Composi¬ 

tion 

%  by  weight 

cooling 

heating 

cooling 

heating 

1 

Al+4%Mn- 

2,5%Cu 

821- 

819 

918- 

993 

- 

985 

2 

Al+5%Mo- 

2.5%Cu 

821 

888- 

938 

- 

985 

3 

AI+2.5%V- 

2.5%Cu 

893- 

933 

945- 

933 

998-1005 

4 

A1+3%W- 

3%Cu 

823 

887- 

927 

^23- 

928 

- 

5 

AI+3%Cr- 

2.5%Cu 

821 

878- 

933 

933- 

923 

1008 

Temperature  from  873  to  878  K  was  selected 
for  HI  A.  I  he  time  of  the  HTA  calculated  using 
kinetic  curves  of  transformations,  was  determined 
as  follows:  Al-Mn-Cu  system  -  10  hours;  Al-W- 
Cu,  Al-Mo-Cu,  A!-Cr-Cu,  Al-V-Cu  systems  -  20 
hours.  The  microstructure  investigations  after  the 
HTA  have  shown  that  in  alloys  containing  W,  Mo, 
Mn  the  phase  transformations  have  completed  in 
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full:  A14W  transformed  into  A1]2W;  AI4M0,  AI5M0 
-  in  AlnMo  and  Al4  Mn  -  in  Al6Mn,  and  the  ternary 
phase;  A13V  in  A16V.  In  Al-Cu-Cr  alloys  any  traces 
of  transformations  were  not  detected.  It  is  ex¬ 
plained  that  the  system  contains  only  phase  Al7Cr 
out  of  aluminides  of  chrome  that  appears  not  due 
to  peritectic  transformation,  and  is  stable  in  the 
pointed  out  temperature  range. 

Results  of  mechanical  tests  are  presented  by  an 
average  value  of  a  ultimate  strength,  yield  stress,  as 
well  as  an  average  of  two  highest  values,  to  elimi¬ 
nate  the  influence  of  numerous  defects,  such  as: 
nonmetallic,  pockholes,  etc.  (Fig.  1).  In  Al-Mn-Cu 
system  the  mechanical  characteristics  of  an  alloy 
after  the  FITA,  were  improved  by  18  %,  in  com¬ 
parison  with  an  alloy  after  homogenizing  anneal¬ 
ing.  The  same  results  are  obtained  for  Al-5%Mo- 
2,5%Cu  alloy.  The  strength  of  the  alloy  after  the 
HTA  and  AH,  is  by  40  %  higher  than  that  of  the 
initial  alloy,  and  by  30  %  higher  than  the  strength 
of  the  alloy  after  homogenizing  annealing  with  the 
following  artificial  aging.  Alloy  containing  vana¬ 
dium  after  the  HTA  and  AH,  has  the  higher 
strength  than  the  initial  alloy  by  67  %,  and  alloy 
after  the  HTA  is  harder-  than  homogenized  one  by 
80  %.  The  alloy  containing  tungsten  after  the  HTA 
and  artificial  aging  is  characterized  by  the  higher 
strength  than  the  initial  one  by  34  %  and  by  22  % 
than  homogenized  and  aged  alloy  The  less  im¬ 
provement  of  mechanical  characteristics,  by  28  %, 
is  observed  for  A!-3%Cr-2,5%Cu  alloy.  The  spe¬ 
cific  elongation  measured  on  samples  after  de¬ 
struction  for  alloys  after  the  HTA  and  AH,  in¬ 
creases  by  up  to  6  or  7  %  against  approximately  3 
%  for  the  initial  alloys.  As  to  a  yield  stress,  it  in¬ 
creases,  in  the  same  degree  as  strength.  (Fig.  1)  It 
means  that  with  strength  improving  the  plasticity 
of  alloys  also  increases. 

Thus,  the  HTA  improves  mechanical  characteris¬ 
tics  of  investigated  alloys.  The  effect  of  supersatu¬ 
ration  of  a  solid  solution  on  a  base  of  aluminum  as 
a  result  of  peritectic  transformations  allows  to  offer 
a  perspective  mode  of  heat  treatment  described 
above.  The  annealing  at  high  temperatures  allows 
to  achieve  the  transformation  of  the  intermetallic 
compounds  with  the  high  content  of  alloying  ele¬ 
ments  into  less  brittle  phases  containing  more  alu¬ 
minum  with  the  less  specific  surface  of  the  inter¬ 
faces.  The  diffusion  processes  eliminate  the  ma¬ 
jority  of  defects,  and  supersaturation  of  solid  solu¬ 
tion  of  aluminum  and  increase  of  microstresses 
created  in  this  phase  promote  hardening  of  the  al¬ 
loy.  It  is  possible  to  conclude  that  the  more  evident 
effect  will  be  found  if  the  content  of  transition 
elements  in  aluminum  alloys  increases  while  the 


c 

Fig.  1  Strength  of  alloys  at  different  stages  of  heat 
treatment:  a-Al-Mn-Cu;  b-Al-V-Cu;  c-Al-W-Cu. 

complex  of  alloying  elements  is  added  to  the  above 
alloys  and  special  technologies  are  used  that  ensure 
high  cooling  rates  of  melts. 

1.  BenrpHHOBHM  P.ft.,  ricapeB  B.H.  O  (JmoBtix  npe- 
BpaiUeHMX  B  HepaBHOBeCHO  3aKpHCTajIJIH30B  3HHWX 
cruiaBax//<f>MM.-l  969. -T. 29. -N3.-C.  540-546 

2.  3hhkobckhh  F.B.,  JIhtbhh  B.H.,  CnnpHflOHOBa  H.M. 
CBoiiCTBa  h  TomcaB  CTpyKTypa  TBcpaoro  pacrBopa 
anioMHHua  b  cmiaBax  ajiiOMHHHH  c  mc/ibto  11  nepexoa- 
hbimh  MeTajuiaMH.  Bichhk  /IninponeTpoBCtKoro  ym- 
BepcHTeTy.  Obmca.  1999.-  Bun.  5. -C. 39-45. 
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EFFECT  OF  LOW-ENERGY  ELECTRON  AND  ION  IRRADIATION  ON 
THE  COMPOSITION  OF  THE  ZnS  SINGLE  CRYSTAL  SURFACE 

Ivanyshvn  I.M..  Mishchuk  O.A.(1),  Telemko  O.V.(1) 

Vasyl  Stefanyk  Precarpathian  University,  Ivano-Frankivsk,  Ukraine 
(1>UkrNDINP  “MASMA”,  Kyiv,  Ukraine 


The  mechanisms  of  effect  of  electron  and  ion 
beams  on  a  solid  can  be  different.  A  bombardment 
energy  influences  essentially.  In  case  of  low- 
energy  beam  of  ions  of  noble  gases  (with  the 
energy  of  some  kiloelectronvolts),  it  is  known  that 
the  elastic  interplay  of  beam  ions  and  atoms  of  a 
solid  surface  is  prevailing.  At  these  energies  the 
ions  do  not  penetrate  into  solid  deeply  (1-3 
constants  of  ciystal  lattice).  As  the  result,  quasi¬ 
equilibrium  and  statistically  monotonous 
sputtering  of  a  surface  takes  place. 

On  the  other  hand,  the  electronic  irradiation  of 
A2B6  surface  induces  desorption  of  the  lattice 
elements.  But  preferentially,  as  known,  it  is  the 
electron  stimulated  desorption  of  chalcogen 
atoms.  It  leads  to  distortion  of  stoichiometric 
surface  composition  and  to  generating  of  different 
non-equilibrium  defects,  which  change  properties 
of  the  semiconductor. 

As  a  whole,  the  processes,  induced  by  low- 
energy  electron  bombardment  are  investigated 
unsufficiently.  Specially  it  relates  to 
semiconductors.  The  primary  electrons  penetrate 
into  their  surface  layers  much  more  deeply  than 
ions.  They  fall  to  a  space-charge  region  and 
change  it.  There  is  a  gradient  of  non-equilibrium 
electric  charge  in  surface  layers.  Its  influence  on 
diffusion  processes  is  more  essential  in  high 
bandgap  semiconductors. 

In  this  paper  the  effect  of  electron-  and  ion- 
beam  exposure  on  the  transformation  of  the  ZnS 
single  crystal  surface  are  studied.  The  surface  of 
ZnS  single  crystal  was  previously  passivated  and 
thus  specially  protected  by  a  chemisorption  layer, 
for  shadowing  from  oxidation  and  electron- 
stimulated  desorption  of  lattice  elements. 

The  (110)  surface  of  ZnS  fee  single  crystal  had 
been  passivated  during  heat  treatment  in  medium 
of  surfactant.  Crystalline  surface  has  been 
irradiated  by  means  of  low-energy  electron-  and 
ion-beam  (no  more  than  5  and  3i<eB  respectively) 
in  the  ultra-high  vacuum  chamber  and  in  situ 
studied  by  the  methods  of  Auger  electron 
spectroscopy  and  scanning  electron  microscopy. 
At  such  energies,  the  electrons  are  injecting  in  a 
space-charge  region  of  the  semiconductor.  The 


ionization  losses  prevail.  Electron  beam  density, 
dia  1  micron,  was  varied  in  range  up  to  100 
mA/mm2. 

Accordingly,  the  Ar+  ion  beam  density,  dia  2 
mm,  was  varied  in  range  up  to  1  pA/mm2.  At 
these  parameters,  ion  sputtering  of  ZnS  surface 
takes  place. 

The  relative  atomic  concentrations  of  elements 
estimated  from  Auger  spectra  of  a  surface 
according  to  the  well-known  equation: 

C/KV&VEVS*  >0) 

k 

where  C,  -  relative  atomic  concentrations  of  z'-th 
element;  /,  -  intensity  of  main  spectral  line  of  z'-th 
element;  g,  -  factor  of  relative  sensitivity  of  z'-th 
element;  n  —  full  number  of  elements. 

Intensities  of  spectrum  lines  of  elements  were 
also  normalized  to  values  of  beam  density.  It  has 
allowed  to  analyze  not  only  relative  atomic 
concentrations  of  elements  in  thin  surface  layer  of 
ZnS  (equation  (1)),  but  also  to  evaluate,  in  relative 
units,  change  of  spatial  concentrations  of  these 
elements 

niccNi=Ii/(J  gl)  (2) 

and  conforming  concentrations  of  non-equilibrium 
vacancies,  which  were  derived  as  a  result  of 
electron  irradiation: 

«O.MCQC^,Me=ArZn,0-^Zn>(3) 

«U.Ch  A^.Ch  =  NSfi  ~  ,  (4) 

where  n„  «„iMe  and  nUiCh  -  spatial  concentrations  of 
z'-th  element,  vacancies  of  metal  and  chalcogen 
atoms  in  cationic  and  anionic  sublattices  of  ZnS 
crystal  accordingly;  A,  -  intensity  of  spectrum  line 
of  z'-th  element  normalized  to  values  of  beam 
density  J  and  the  factors  of  relative  sensitivity  g,; 
NZn  and  Ns  -  normalized  intensities  of  Zn  and  S 
spectrum  lines  pursuant  to  an  equation  (2);  NZn, 0 
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and  Ns#  -  normalized  intensities  NZn  and  Ns  for 
stoichiometric  ZnS  crystal. 

The  Auger-analysis  of  the  crystal  surface  has 
revealed  a  chemisorption  layer  of  Carbon  and  full 
absence  of  oxygen.  The  relation  of  initial 
concentrations  of  basic  elements  was  in  good 
conformity  with  a  stoichiometry  of  ZnS. 

Experimentally  is  affirmed,  that  the  surface 
concentration  of  Carbon  practically  does  depend 
neither  on  a  dose,  nor  from  radiation  intensity. 
Therefore,  the  chemisorption  layer  precludes  from 
processes  of  desorption.  In  this  case,  changes  of 
surface  concentrations  of  Zn  and  S  ions  are 
predominantly  a  result  of  diffusive  exchange 
between  the  volume  and  the  surface. 

Increase  of  density  of  electron  probe  leads  to 
decrease  of  concentrations  of  sulfur,  first  of  all, 
and  zinc.  A  ratio  of  atomic  concentrations 
(equation  (1))  of  sulfur  and  zinc  for  surface  layer 
of  the  single  crystal  had  been  reduced  essentially 
(Fig.l). 
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Figure  1.  Effect  of  electron  probe  density 
on  the  ratio  of  atomic  concentrations  of 
sulfur  Cs  and  zinc  CZn. 


Fig.  1  displays:  there  is  a  critical  value  Jcr  of  the 
current  density.  After  this  value,  the  further 
increase  of  electron  radiation  intensity  results  in 
rapid  restoring  of  initial  concentration  of  S  and  to 
the  same  quick  decreasing  of  concentration  of  Zn. 
As  a  result,  a  ratio  of  atomic  concentrations  of 
sulfur  and  zinc  had  been  increased  rapidly. 

At  critical  value  of  electron  probe  density  Jcr, 
in  accordingly  with  equations  (2)-(4)  the  surface 
layer  gains  a  structure:  (Zn0,92  fW  o,o8)(So,79Fch  o,2i)> 
where  VMe  and  VCh  -  vacancies  of  metal  and 
chalcogen  atoms  accordingly.  This  structure  of 
ZnS  surface  layer  are  characterized  by  a 
maximum  concentration  of  vacancies  in  anionic 
sublattice  (Fig.2). 


Figure  2.  Effect  of  electron  probe  density 
on  the  concentrations  of  non-equilibrium 
vacancies:  1  -  VMe  (value  of  equation 
(3));  2  -  FCh  (value  of  K.ch,  equation  (4)). 

Perhaps,  the  21  %  are  the  critical  value  of 
anionic  vacancies  which  promotes  the  counter 
diffusions  of  zinc  and  sulfur  atoms  and  the 
structural  transformation  of  crystal  surface  layer. 
As  a  result  of  similar  transformation,  the  surface 
layer  gains  a  structure:  (Zn0,77FMe  o,2iSo,o2)S.  This 
structure  of  ZnS  surface  layer  has  a  new 
characteristics  -  a  maximum  concentration  of 
vacancies  (also  21  %)  in  cationic  sublattice 
(Fig.2). 

Same  transformation  of  structure  of  ZnS 
surface  layer  takes  place  for  crystals  without 
protecting  chemisorption  layer  at  simultaneous 
irradiation  by  Ar+  ions  and  electron  beam  with 
density  exceeding  critical  (Fig.3). 


t ,  miii 


Figure  3.  Effect  of  Ar+  ion  sputtering  of 
(110)  ZnS  surface  at  various  values  of 
electron  probe  density  (1  and  2  for  J<Jcr;  3 
and  4  for  5  for  various  J)  on  spatial 
concentrations  of  zinc  (1,  3),  sulfur  (2,  4) 
and  Carbon  (5). 

The  reviewed  outcomes  are  discussed  in  the 
frames  of  the  models  of  non-equilibrium  space 
charge  and  crystal  chemistry  of  atomic  defects  in 
A2B6. 
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Sintering  is  the  final  thermal  operation  in  the 
technological  cycle  of  powder  metallurgy.  It  is 
usually  carried  out  in  the  protective  gas  flow  or 
vacuum. 

Authors  [1]  were  the  first  to  use  containers 
with  a  fusible  seal  (CFS)  to  sinter  stainless  steel 
powders  in  the  independent  gaseous  atmosphere. 

The  independent  gaseous  atmosphere  pro¬ 
duced  in  CFS  allows  us  to  realize  the  growth  of 
area  for  interparticle  contacts  according  to  evapo¬ 
ration  and  condensation  mechanisms  under  (ideal) 
closed  space  conditions.  As  B.Y.Pines  has  shown 
[2],  in  this  (ideal)  closed  space  the  growth  of  a 
neck  diameter  follows  the  dependence  x7=t,  and  in 
the  flowing  medium  (when  the  part  of  atoms  is  not 
condensed  in  the  neck)  author  has  obtained  the 
dependence  x3=t.  Thus,  sintering  in  the  independ¬ 
ent  gaseous  atmosphere  of  CFS  providing  transfer 
processes  through  the  gas  phase  leads  to  the  in¬ 
crease  in  the  rate  of  interparticle  contact  growth 
104  times  as  much. 

Relying  on  the  fundamentally  new  techno¬ 
logical  possibilities  that  provide  sintering  chro¬ 
mium  based  powder  materials  in  the  independent 
(isolated)  gaseous  atmosphere  in  CFS,  we  have 
formulated  the  principles  for  structural  engineering 
to  produce  functional  materials  with  the  necessary 
level  of  physical  and  chemical  properties. 

At  the  microlevel  we  have  raised  a  problem  of 
deep  refining  bcc-metal  by  interstitial  impurities 
(oxygen,  nitrogen,  carbon)  to  provide  the  possibil¬ 
ity  for  plastic  flow  of  material. 

At  the  mesolevel  (the  raesolevel  means  only 
intergrain  boundaries  and  the  grain  size)  we  have 
formulated  a  problem  of  refining  intergrain 
boundaries  to  prevent  intercrystallite  destruction 
and  blocking  the  process  of  crystallization. 

At  the  macrolevel  (it  means  interparticle 
boundaries,  particles,  pores)  we  have  put  a  prob¬ 
lem  of  providing  the  high  level  of  consolidation  of 
interparticle  contacts  and  controlling  the  porous 
structure  due  to  interaction  between  components  of 
the  active  gaseous  atmosphere. 

Relying  on  the  formulated  scientific  principles 
of  structural  engineering,  we  have  developed  fun¬ 
damentally  new  technologies  that  integrate  acti¬ 
vated  sintering  with  refining  the  chromium  matrix. 


grain  boundaries,  surfaces  of  particles  and  pores 
from  interstitial  impurities  [3,4,5], 

The  developed  technology  has  provided  the 
possibility  of  producing  the  impact  strong  (impact 
strength  1  kgm/cm2)  articles  (16000  pieces)  from 
powder  chromium  of  the  given  nuclide  purity. 
Those  articles  have  been  used  to  conduct  the 
unique  research  to  refine  the  nuclear  constants  of 
chromium  [6]  (Institute  for  nuclear  energy  in  Ob¬ 
ninsk). 

The  developed  technology  of  the  activated 
consolidation  has  been  found  especially  resultative 
to  produce  functional  materials  showing  the  maxi¬ 
mum  high  porosity  (90-95%).  These  materials  are 
based  on  foam  metals  and  knitted  semifinished 
items.  In  this  case  intensification  of  material  mass 
transfer  through  the  gas  phase  provides  not  only 
the  quality  of  interfiber  contacts  in  such  systems 
but  also  leads  to  the  increase  in  material  precipita¬ 
tion  due  to  the  chemical  and  thermal  process.  Joint 
proceeding  above  processes  provides  activated 
consolidation  of  high  porous  material  structures 
and  production  of  materials  showing  the  high  level 
of  rigidity  [7], 
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Introduction 

Some  composition  materials  (CM)  in  its  contain 
foreign  inclusion  variable  forms.  This  is  inclusions 
cylindrical,  oval  and  other  forms,  rods,  oblong 
grains,  etc,  which  may  be  specially  input  into  body 
of  melting  matrix.  Usually  electroconductive  and 
physics  properties  for  its  inclusions  are  difference 
from  electroconductive  and  physics  properties  of 
surrounding  melting  matrix.  Usually  inclusions  are 
having  more  high  temperature  of  melt. 

At  making,  thermo-treatment  or  exploitation  CM 
for  some  case  is  need  for  understanding  of  picture 
and  character  of  interaction  between  foreign 
inclusions  and  surrounding  current-carrying 
medium,  when  under  condition  of  direct  current 
passing  arising  processes  head-  and  mass-transfer. 
Investigation  its  processes  to  represent  some 
practical  interest,  because  of  arising  some  effects: 
temperature  gradients,  thermo-clacking,  electro¬ 
hydrodynamic  flows,  convective  diffusion  mass- 
transfer  (dissolve  of  inclusion)  for  boundary  solid 
-  liquid  media  (melt  matrix)  [1,  2], 

Investigations 

A  macroscopic  motion  —  turn  of  cylindrical 
particles  around  axis  up  to  90°  under  passing  direct 
electric  current  through  heterogeneous  composition 
system  bronze  BrlO  (inclusions  of  cylindrical 
form)  -  tin  (melting  matrix)  was  observed.  Scheme 
of  experiment  is  shown  in  figure. 

The  whole  time  of  experiment  was  1 20  s,  current 
density  through  graphite  matrix  was  about  80- 
120  A/cm2. 


Figure.  Scheme  of  experiments: 

a)  beginning  experiment  stage; 

b)  intermediate  state  and  placement  of 
cylindrical  inclusion; 

c)  final  state  and  placement  of  inclusion 
after  whole  turn  but  before  moment  of 
whole  dissolution; 

1-  top  and  bottom  current  lead  plates  of 
press;  2-  punches;  3-  electroconductive 
matrix;  4-  mark  point;  5-  inclusion  (BrlO); 
6-  surrounding  current-carrying  melting 
matrix  (tin). 

The  cylindrical  inclusion  at  first  dissolving  on  side 
surfaces  at  beginning  of  experiment  (see  Fig.  b). 
After  a  while  inclusion  did  a  turn  around  axis  up  to 
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90°,  how  showed  mark  point  on  butt-end  surface  of 
inclusion  (Fig.  c).  After  time  of  120  s  and  with 
increased  of  temperature  in  volume  of  composition 
cell  to  550  °C  bronze  inclusion  whole  dissolved  in 
surrounding  liquid  medium. 

Discussion 

The  electrical  contact  between  non-melting  tin 
powder  and  bottom  graphite  punch  is  non-enough 
for  good  passing  of  electric  current  through 
powder  at  first  of  experiment.  Because  at  first 
electrical  current  is  passing  in  generally  through 
body  of  graphite  matrix.  Powder  of  tin  must  to  heat 
on  out  sides  of  surface  pressing  for  this  case.  This 
leaded  at  arising  of  temperature  gradient  for 
direction  from  outside  to  center  axis  of  backfilling. 
When  tin  is  melted  the  cylindrical  inclusion  must 
to  do  dissolve  process  on  its  outside  surfaces  under 
thermo  convection  process  action  (Fig.  b)  [3], 
Later  electrical  contact  is  enough  for  passing  of 
electrical  current  through  melted  tin.  The 
increasing  of  passing  electrical  current  through 
heterogeneous  system  must  to  lead  at  turn  of 
inclusion  around  axis.  Electroconvection  flows  "at 
left"  and  "at  right"  from  outside  surface  of 
cylindrical  inclusion  really  is  unequal,  because  its 
torques  is  unbalanced.  This  is  an  explanation  of 
turn  by  this  time  oval  inclusion  around  axis. 

The  inclusion  is  oriented  in  liquid  medium 
(melting  tin)  thus  what  bigger  diameter  of  cross- 
section  (for  present  time  inclusion  in  cross-section 
is  oval  form)  to  have  placement  perpendicularly  at 
direction  of  passing  electrical  current  through 
composition  cell. 

Because  which  bronze  is  more  electroconductive, 
electrical  current  must  to  "collected"  into  inclusion 
body  (Fig.  b).  Consequence  of  its  increasing  of 
value  dissolution  inclusion  body  on  bottom  and  top 
zones  of  surface  (in  points  of  concentration 
electrical  current)  [3-5].  Latter  process  of 
dissolving  must  to  do  by  thermo-  and 
electroconvection  mechanism. 

Conclusion 

The  present  observation  to  can  possibility  sharply 
to  explain  details  of  behaviour  dissolves  foreign 
inclusions,  what  surrounding  melted  matrix  under 
electric  current  action.  Inclusions  can  to  be 
reinforcing  fibrous  for  matrix,  rods,  and  oblong 
grains. 
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In  the  given  activity  the  effect  of  a  laser 
impulse  of  energy  20  J/cm2  was  studied  at  duration  4 
m-s  and  wavelength  l,06|x  on  screens  made  of 
composite  materials.  The  laser  beam  in  a  point  of  an 
occurring  with  a  screen  had  an  angle  diameter  of  0,5- 
0,6  mm  (on  an  isoenergetic  contour  limiting  70-80  % 
of  a  beam  energy). 

The  screens  represented  sheets  by  depth  of 
1  mm  of  the  square  form  with  the  party  of  a  square 
of  30  mm.  In  a  radiation  time  they  placed 
perpendicularly  to  beam.  The  cooling  implemented 
at  the  expense  of  a  natural  air  convection.  The 
properties  of  screens  from  laminated  composite 
materials  (CM)  Al-Sn  and  Al-C,  from  a  solid 
aluminium,  from  a  CM  in  a  tinned  layers  of  which 
one  were  contained  quartz  fibers  (Al-Sn+Si02)  and 
CM  consisting  of  a  laminated  part  Al-Sn+Si02, 
coated  by  pressed  by  quartz  cotton  (Al-Sn+Si02- 
Si02)  are  studied. 

Samples  CM  of  Al-Sn  were  produced  a 
compacting  method  of  the  package  which  has  been 
compounded  of  foils  of  aluminium,  interleaving  with 
tin  foils.  The  cold  welding  of  layers  implements  at 
the  compression  of  a  package  on  an  altitude  h  equal 
to  Ah/h  >  30  %  at  speed  Ah/ At  >  10  mm/s.  The  edges 
of  a  package  on  perimeter  usually  contain  lack  of 
penetrations  on  spacing  interval  of  3-4  mm.  They  are 
shear.  Then  a  package  roll  at  a  room  temperature,  the 
foil  of  desirable  depth  will  not  receive  yet. 

A  CM  Al-Sn+Si02  was  produced  as 
follows.  Layers  of  tin  keeping  the  fibers  of  quartz, 
executed  from  two  tin  foils,  between  which  one 
made  of  felt  from  quartz  fibers.  Then  a  package 
extruded  with  compression  Ah/h=T0+15%,  hearted 
up  to  200°C  under  pressure,  maintained  5+7  min, 
chilled  and  again  extruded  at  room  temperature  with 
compression  Ah/h— 25+30%.  The  fiber  of  a  diameter 
1  -3  jx  were  blasted  on  pieces  of  length  4-8  mm  at  cold 
pressing  and  rolling. 

The  composite  screens  Al-Sn+Si02-Si02 
consist  of  a  layer  Al-Sn+Si02  and  felted  layer  from 


quartz  fibers  applied  on  an  aluminium  layer  without 
coupling.  The  depth  of  a  felted  layer  was  selected  so 
that  weight  of  1  cm2  of  felt  equalled  to  weight  of  a 
quartz  plate  by  the  area  of  1  cm  and  depth  of  0,5 
mm.  Therefore  it  is  possible  to  consider,  as  in  this 
case  we  deal  with  a  pore-free  screen  with  general 
depth  of  1  mm. 

The  screens  Al-C  are  made  by  a  packing  of 
foils  of  Al,  on  which  one  the  hydrocarbon  black 
from  a  flame  of  a  paraffinic  suppository  was 
previously  marked.  The  coupling  between  in  layers 
was  gentle,  therefore  between  them  there  were 
planar  pores.  The  depth  of  a  screen  was  selected  so 
that  its  weight  at  the  area  of  1  cm2  equalled  to  weight 
of  a  pore-free  screen  from  aluminium  and  graphite  of 
the  same  structure.  Usually  depth  of  a  screen 
oscillated  within  the  limits  of  1,2- 1,3  mm,  therefore 
porosity  made  20+30%  volumetric. 

The  stability  of  a  screen  was  determined  by 
quantity  of  impulses  indispensable  for  its 
breakdown.  Between  impulses  the  pause  of  1  min  for 
cooling  of  a  screen  by  air  was  made.  The  results  of 
tests  are  submitted  in  the  table  1. 

The  table  1 . 


Screen 

A  mean  bed 
depth,  p 

Quantity  of 
punching 
impulses 

Al 

1000 

2-3 

Al-Sn 

15 

1 

Al-Sn 

0,15 

2-3 

Al-Sn 

0,05 

3-4 

Al-C 

15 

2-3 

Al-C 

0,15 

3-4 

Al-Sn+Si02 

15 

4-5 

Al-Sn+Si02-Si02 

15 

5-6 

At  planing  of  experiments  on  shields  it  was 
supposed,  that  steady  should  be  screens  from  the 
composite  materials  which  have  been  compounded 
from  interleaving  fusible  and  high-melting  (rather) 
layers.  It  was  supposed,  that  the  fusible  layer  (Sn,  for 
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example)  at  effect  of  a  laser  beam  will  be  fused  and 
will  exhale  at  the  expense  of  that  the  energy  will  be 
occluded. 

So,  in  a  fig.  1  rags  of  craters  (finger  A)  are 
viewed  clearly.  They  could  be  derivated  at  the 
expense  of  pressure  of  metallical  vapors.  There  are 
interquartile  vapours  of  aluminium  and  tin  in 
identical  concentration,  wherefore  both  metals  are  to 
the  same  extent  inclined  to  vapourization.  So,  the 
vapour  pressure  AI  makes  10  mm  Hg  at  1 148°C,  and 
tin  -  at  1  1 89°C.  It  is  comparable  digits. 


b 

Fig-2 


In  a  fig.2,a,b,  the  destruction  of  a  package 
from  thin  (0,009  mm)  foils  of  Al  is  shown.  We  sec, 
that  edges  of  craters  lacerated,  that  testifies  to 


explosive  nature  of  destruction  without  a  melting.  As 
the  energy  occluded  at  a  sublimation  of  a  stuff,  the  is 
more,  than  more  bond  energy  of  a  grating,  and  the 
destruction  of  screens  from  composite  materials  goes 
on  the  gear  of  explosion  at  the  expense  of  formation 
a  vapour  without  a  melting  of  metal  in  bulk  of  iayer 
to  plot  screens  it  is  necessary  from  stuffs  with  large 
coghesion.  The  melting  heat,  apparently,  should  be 
allowed  not  first  of  all.  This  conclusion  is  confirmed 
also  by  the  table  1.  So,  in  a  CM  Al-C  at  h=0, 15p 
steadier,  than  CM  Al-Sn  at  same  h. 

In  areas  with  smaller  density  of  a  beam 
energy,  more  remote  from  center,  there  is  a  melting. 


Fig.3 


So,  in  a  fig.3  the  molten  zones  of  thick 
layers  (0,1  mm)  A!  with  radial  arrangement  of 
crystals  which  are  generatrix  after  a  crystallization  of 
a  molten  layer  are  visible.  Characteristic!)',  that  the 
ring-type  zones  look  like  ring-type  surges,  disjointed 
metal  with  a  nonperturbed  surface  (finger  A). 

On  the  basis  of  the  conducted  experiments  it 
is  possible  to  make  following  conclusions: 

1.  With  thinning-down  of  a  layer  the  protective 
potency  of  screens  from  laser  effect  increases. 

2.  Actuations,  disseminating  light,  (quartz  fibers  in 
tinned  layers  the  CM  Al-Sn+SiOi)  is  significant  (in 
2-3  times)  augment  stability  of  screens. 

3.  With  increase  of  refractoriness  of  layers  (the 
replacement  Sn  on  C  in  compositions  on  the 
aluminium  basis)  increases  protective  potency  of 
screens. 

4.  The  arrangement  of  a  quartz  fiber  before  a 
metallical  screen  is  the  most  perspective  method  of 
protection  from  a  laser  radiation. 

5.  The  investigated  screens  can  be  arranged  in  a 
number  on  increase  of  stability:  Al,  Al  -  C,  Al  -  Sn, 
Al-Sn-SiO?,  Al-Sn+SiOi-SiOj. 
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As  is  known,  the  cobalt  at  the  temperature  of 
422°C  undergoes  phase  polymorphic  transformation 
(HCP-FCC),  and  consequently  introduces  successful 
object  for  researches  of  the  structural  processes 
which  are  flowing  past  in  metal  at  heating.  The  film 
was  made  from  wrougth  bar  of  a  electrolyticaly 
refined  cobalt  of  cleanliness  99,76  mas%,  the  main 
admixtures  are  Ni  ,  Fe. 

The  researches  conducted  in  a  electron 
microscope  3MB-100JI  in  vacuum  ~2T0'3  Pa. 

As  an  initial  stmctural  condition  for  binding 
the  place  with  reference  frame,  fig.  1,  a,  was  selected. 
The  striate  fragmentation  is  a  consequent  the  casting 
blocks  and  conditions  of  preliminary  machine  work 
of  a  film  before  electrolytic  thining  are  ductile.  The 
electron  diffraction  pattern  of  metal,  fig.l.b,  contains 
jerks  of  highly-packed  a-phases. 


b 

Fig.l 


The  instrument  constant  in  the  data 
conditions  of  filming  makes  94  A'liim.  Diameters  of 
families  of  3  maxima  make  43,  63  and  87/90  mm. 
These  parameters  correspond  to  interplanar  spacing 
intervals  -  2,18;  1,49;  and  1,06/1.04  A,  fig.l,  b,  also 
coincide  the  tabular  data  for  lines  (100),  (102)  and 
(201)/(004).  There  are  jerks  also  from  other  planes. 
The  temperature  in  a  zone  of  a  sample  was 
determined  on  a  current  pursuant  to  a  calibration 
curve.  The  exposure  before  filming  at  the  install 
temperature  implemented  within  5  minutes.  At  a 


sample  temperature  rise  up  to  400-410°C  the  visible 
changes  in  frame  do  not  descend,  however,  on  an 
electron  diffraction  pattern  in  the  field  of  jerks  (100) 
and  (201)  are  watched  pools,  fig.2,  which  one  testify 
to  originating  a  flap-type  fragmentation  as  a 
minimum  in  two  directions. 


Fig.2 


Effect  of  a  thing-plate  fragmentation  [1.2]  as 
a  rule,  will  precede  to  phase  structural 
transformation  and  its  availability  demonstrates,  that 
the  cobalt  is  not  exception  of  this  rule. 

The  rising  up  of  a  sample  temperature  up  to 
600°C  results  in  regulation  of  substructure,  fig.3,  a. 
However  the  recrystallization  effects  are  exhibited  is 
gentle.  On  an  electron  diffraction  pattern,  fig.3.  b, 
the  appeared  new  jerks  of  a  FCC-lattice  of  [3-phases 
of  cobalt  are  watched,  according  to  diameter  of  rings 
45,  75  and  89  mm.  These  parameters  correspond  to 
interplanar  spacing  intervals  2.04;  1,25  and  1 ,06  A  of 
lines  (111),  (220)  and  (311).  Inside  the  maiden  ring 
of  the  (3-phase  are  available  jerks  and  of  a-phase 
(100),  and  also  jerk  of  a  line  (102)  (at  the  left,  at  the 
top  of  an  electron  diffraction  pattern).  These  data 
confirm  that  fact  [3],  that  the  polymorphic  turning  in 
a  cobalt  flows  past  in  a  temperature  band,  since 
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422°C.  In  case  of  a  thin  film  this  process  does  not 
finish  and  at  600°C,  fig. 3.  b. 

The  electron  diffraction  pattern  from  a 
sample  at  755°C  completely  consists  of  lines  of  (3- 
phase,  fig.4,  accordingly  (1 11).  (220)  and  (311).  The 
broadened  ring  of  a  line  (1 1 1)  and  pools  between  dot 
jerks  testify  about  finely  divided,  including  striate, 
the  fragmentation  of  frame  of  a  crystalline  film  in  the 
result  of  u— >p  transformation. 


a  b 

Fig-3 


Fig.4 


The  essentia!  changes  are  watched  also  in 
frame  of  a  film.  On  a  surface  of  a  sample  there  arc 
oval,  drifting  zones,  spearhead  of  a  film  as  though 
melting.  At  cooling  of  a  sample  the  processes  cease, 
in  a  fig.5.  a.  is  shown  the  modified  as  a  result  of 
healing,  map  of  an  investigated  film. 


b 

Fig.5 


The  electron  diffraction  pattern  of  a  sample, 
fig.5,  b,  contains  gentle  jerks  ot-phases  (on  a 
snapshot  a  line  2),  P-phases  (bright  jerks  in  a 
direction  of  a  line  1)  and  two  gentle  jerks  apparently 
of  oxide  CoO  (line  1)  with  interplanar  distance  2,52 
A  (tabulared  -  2,45  A).  As  follows  from  last  data. 
fig.5,  a.  b.  as  a  result  of  cooling  of  a  thin  film  from 
area  of  P-phases  (755°C)  at  room  temperature 
coexisting  both  modifications  of  a  cobalt  is  watched. 
Also  follows  that  direct  and  partial  converse  ci«->p 
transformation  for  such  scale  of  a  sample  is  not 
accompanied  by  formation  of  the  doubles  and. 
apparently,  flows  past  not  on  martensitic 
transformation  to  the  gear,  but  on  mechanism  of 
arising  of  the  defects  of  packaging.  About  it  testify 
pools  on  electron  diffraction  patterns,  fig.2.4. 
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It  is  known,  that  the  low  temperature 
(-150°C)  magnetic  transformation  of  a  chromium  and 
alloys  on  its  basis  is  accompanied  by  isomorphous 
phase  by  transition  [1].  The  transformation  descends 
on  martensitic  mechanism,  accompanied  by 
originating  of  stresses  and  fragmentation  of  a  crystal. 

The  crystallographic  feature  of  this  transition 
consists  in  appearance  of  tetragonal  in  a  BCC- 
symmetry  of  a  crystal. 

The  indicated  processes  [1]  were 
investigated  only  with  the  help  of  a  low-temperature 
X-ray  method  [2]  at  the  temperature  up  to  -180°C. 
Therefore  in  activity  [1]  there  are  absence  the 
comparative  data  about  nature  of  changes  of 
dislocation  frame  and  morphology  of  a  surface  of  a 
microsection.  The  purpose  of  the  given  report  is  the 
attempt  to  fill  this  gap. 

The  activity  was  conducted  on  alloy  BX2K 
with  the  contents  Ta-0,5  mas  %,  V-0,5  mas  %  and 
La-0,2  mas  %.  The  ingot  is  obtained  of  an  inductive 
fusible  electrolytic  chromium  in  argon  medium  and 
did  not  subject  of  padding  cleaning  by  a  method  of 
zone  melting.  Samples  for  researches  were  carved 
from  hot-rolled  recrystallization  of  a  band. 

The  direct  visions  of  structural  changes  of  a 
surface  of  a  microsection  conducted  with  the  help  of 
an  Auger  spectrometer  working  also  in  a  mode  of  a 
raster  microscope.  The  vacuum  in  the  chamber  made 
~10"6Pa,  the  cleaning  of  a  surface  of  a  microsection 
implemented  during  2  minutes  with  the  help  of  ions 
Ar.  A  jack  of  a  sample  was  incorporated  by  cold 
conductor  with  a  vessel  keeping  fluid  azote.  As  a 
result  of  losses  in  cold  conductor  temperature  of  a 
sample  made  -  (155-U60)  °C. 

hr  a  fig.l,  a,  b,  the  original  image  of  a  surface 
of  a  microsection  of  a  polycrystallic  sample  with  a 
well  bitten-into  crystal  boundary  is  submitted.  The 
pits  available  on  a  surface  of  a  microsection  are 
oriented,  fig.l,  b,  and  testify,  that  their  formation  is 
connected  to  manufacturing  of  a. microsection.  The 
image  is  obtained  after  2  multiple  ion-beam 
cleanings.  At  sample  temperature  fall  up  to  - 
(155-U60)°C  and  exposure  not  less  than  20  minutes, 


on  a  surface  of  a  microsection  there  is  a  corrugated 
ramp  relief,  fig.  2,  a,  b.  hr  separate  places  far  from 
boundaries  at  an  ion-beanr  cleaning  there  are  pits, 
which  during  exposure  5-10  minutes  are  displaced  to 
the  boundary  of  a  grain,  fig.2,  a,  b. 


b 

Fig.l 


The  originating  of  motility  of  dislocations 
testify  the  availability  of  stresses  in  a  chromium  at 
decreasing  of  the  temperature  up  to  -180  C  [1]. 
Width  of  crystal  boundaries,  fig.2,  b  is  augmented 
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too.  On  an  internal  surface  of  a  grain,  the  fig.2,  b,I, 
occurs  a  relief  of  the  prolated  honeycombs,  reference 
for  a  surface  of  metal,  particulate  or  completely 
undergo  the  martensite  transformation. 


Fig.2, bj 


The  electron  microscopy  researches  were 
conducted  on  a  film  obtained  on  technique  of 
mechanical  thining  up  to  0,1-0,15  nm.  Further 
thining  until  obtaining  transparent  edges  executed 
electrolytical  method,  fit  a  fig.3,  a  the  joint  of  .3 
grains  is  submitted.  The  small  dislocation  density  in 


a  reset  state  testifies  to  qualitative  manufacturing  of 
a  foil.  For  analysis  of  influencing  of  low  temperature 
the  samples  before  electrolytical  thining  were 
immersed  in  fluid  nitrogen,  were  maintained  40 
minutes  with  subsequent  heating  up  to  room 
temperature.  The  map  of  theirs  substructure  is 
shown  in  a  fig.3,  b,  which  one  differs  by  availability 
of  a  large  dislocation  density,  glomal  congestions 
and  by  broadened  crystal  boundaries.  The  absence  in 
substructures,  fig.3,  b,  doubles,  apparently,  is 
connected  to  a  scaling  factor  of  a  cooling  foil.  At  all 
events,  this  problem  demands  padding  researches. 
As  a  whole,  the  obtained  data  will  be  agreed  and 
supplement  outcomes  of  activity  [1]. 


b 

Fig.3 
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Wurtzite  boron  nitride  (2H  BN)  prepared 
from  graphite-like  boron  nitride  by  static  or 
dynamic  compression  under  high  pressures  is  the 
base  of  producing  hexanite-R  type  superhard 
materials  [1].  These  materials  are  sintered  under 
high  pressures  at  high  temperatures.  The  treatment 
of  2H  BN  powders  by  rolling  favors  the 
improvement  of  their  compactibility  characte¬ 
ristics  and  a  decrease  in  the  initial  temperature  of 
the  transformation  of  the  wurtzite  modification  in 
the  sphalerite  (3C)  modification  during  sintering 
of  these  materials  [2].  According  to  [2,  3],  this  is 
mainly  due  to  the  mechanical  grinding  and 
fragmentation  of  particles  during  rolling. 

In  the  work,  we  present  results  of 
transmission  electron  microscopy  (TEM)  studies 
of  the  structural  state  of  2HBN  particles  after 
single  and  double  rolling.  This  corresponds  to  a 
pressure  in  the  rolling  zone  of  0.2  and  0.7  GPa, 
respectively.  The  rolling  procedure  has  been 
described  in  [2,  3].  The  starting  powder  with  a 
particle  size  ranging  from  3  to  5  pm  in  the  plane 
(0001)  and  from  0.1  to  0.01  in  the  orthogonal 
direction  was  used.  For  the  most  part  of  particles, 
the  azimuthal  disorientation  in  the  basal  plane  was 
not  more  than  3-5°. 

On  the  base  of  our  investigations,  several 
elementary  processes  that  cause  structural 
transformations  in  particles  during  rolling  were 
identified.  Let  us  describe  their  mechanisms. 

1.  Mechanical  disintegration  proceeds  by 
spalling.  Brittle  spalling  proceeds  along  the 
prismatic  planes  {1120}  and  {1100},  and  so- 
called  “plastic”  spalling  develops  along  the  plane 
(0001),  which  is  a  plane  of  easy  slip  in  the  lattice 
of  2H  wurtzite.  As  a  result  of  this  disintegration, 
the  particle  size  decreases  on  the  developed 
surface  in  the  former  case  and  in  the  direction 
perpendicular  to  it  in  the  latter  case. 

2.  Turns  of  packages  of  the  basal  layers 
within  the  limits  of  whole  particle  about  the  axis 
[0001]  through  angles  up  to  30°  and  over.  In  an 
individual  particle,  a  single  turn  occurs  rarely,  in 
most  cases,  a  turn  is  a  combination  of  turns 
through  different  angles.  Turns  accompanied  by 
shifts  in  the  basal  plane  also  take  place. 


3.  Turns  of  local  microregions  in  particles 
about  the  axis  [0001],  that  favor  their 
fragmentation,  i.e.,  their  splitting  into  disoriented 
regions. 

4.  Smooth  bends  of  local  zones  of 
particles  about  arbitrary  axes  located  in  the  plane 
(0001). 

5.  Changes  in  the  shape  of  the  basal  plane 
of  particles  with  the  formation  of  a  microrelief  in 
the  form  of  strips  whose  longer  sides  are  parallel 
to  the  directions  [1120]  and  [1 1 00].  The 
presence  of  the  microrelief  is  also  substantiated  by 
observations  of  the  developed  surfaces  of  particles 
by  TEM  with  using  carbon  replicas.  In  an 
individual  particle,  strips  can  intersect  at  angles  of 
30  and  60°.  The  displacement  of  microvolumes  of 
particles  along  the  conjugation  boundary  of  strips, 
which  cases  the  formation  of  steps  on  lateral 
surfaces  of  the  cuts  of  particles,  often  occurs. 
Disintegration  of  particles  by  spalling  of 
individual  strips  from  the  surface,  leading  to  the 
formation  of  elongated  small  fragments,  also  takes 
place. 

6.  The  reorientation  of  the  developed 
basal  plane  of  particles  proceeds  both  locally  and 
completely  in  the  case  of  small  particles.  In 
electron  diffraction  patterns  (EDP)  from  the 
developed  surfaces  of  large  particles,  against  the 
background  of  reflections  of  the  basal  plane, 
systems  of  reflections  from  pyramidal  planes  (one 
or  two)  most  often  appear.  In  this  case,  all 
orientations  share  the  direction  of  the  type  [1 1 00] 
with  the  initial  basal  direction.  As  a  result  of  the 
complete  reorientation,  pyramidal  orientations, 
that  most  often  correspond  to  the  planes  (031), 
(Oil),  (021),  (012)  and  (121),  also  appear.  This 
indicates  that  the  reorientation  of  the  developed 
plane  of  particles  occurs  as  a  result  of  turns  about 
axes  located  in  the  basal  plane,  i.e.,  axes 
perpendicular  to  the  prismatic  planes  (lIOO), 
(1120),  and  (1230). 

7.  The  reorientation  of  the  developed 
plane  of  particles  caused  by  twinning.  As  a  result 
of  an  analysis  of  EDP,  twins  characteristic  of 
graphite  [4]  and  graphite-like  boron  nitride  [5] 
were  identified.  They  arise  due  to  turns  of  basal 
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layers  about  axes  of  the  type  [1 1 00].  In  isolated 
particles,  twins  differing  in  the  rotation  angle 
about  this  axis  were  detected.  Twins  formed  as  a 
result  of  turns  about  the  axes  [1120]  are 
identified  more  rarely.  Such  twins  are  known  for 
graphite  [4].  If  the  indicated  twins  are  present,  in 
electron  micrographs  of  particles,  the  regular 
stranded  contrast  is  observed.  In  small  particles 
with  the  complete  reorientation  of  the  basal  plane, 
along  the  planes  (loll),  twins  characteristic  of 
graphite  and  metals  with  hexagonal  close-packed 
lattices  were  also  detected  [6],  In  isolated 
particles,  90°-twins  were  detected. 

8.  The  local  twisting  of  the  layers  (0001) 
of  thin  particles  with  the  formation  of  fragments 
of  tubular  structure  with  an  axis  of  the  type 
[llOO].  The  conclusion  that  this  structural 
reconstruction  proceeds  was  made  on  the  base  of 
an  analysis  of  the  geometry  of  EDP  from 
microregions  of  particles. 

9.  The  formation  of  basal  and  prismatic 
stacking  faults.  Their  presence  manifests  itself  as 
broadening  of  node  reflexes  of  hoi  rows  in 
directions  parallel  to  the  axes  c  and  a  in  EDPs 
from  the  prismatic  spalling  surfaces  (1120)  of 
crystals.  In  EDPs  from  the  planes  (0001),  basal 
stacking  faults  are  also  identified  from  the 
presence  of  continuous  streaks  between  point 
reflections  of  hoi  rows  in  EDPs  from  the  sections 
(1120). 

10.  Local  disordering  in  the  direction  of 
the  axis  [0001],  which  manifests  itself  as  the 
presence  of  continuous  streaks  between  nodel 
reflections  of  hoi  rows  on  EDPs  from  sections. 

1 1 .  The  phase  transformation  of  the 
wurtzite  BN  modification  into  the  graphite-like 
modification.  This  takes  place  in  individual 
regions  of  particles. 

Thus,  during  rolling,  the  structural 
transformations  in  2H  BN  particles  proceed  as  a 
result  of  mechanical  disintegration  and  plastic 
deformation.  Deformation  proceeds  by  two 
mechanisms.  These  are:  a)  translational  (lattice) 
slip,  favoring  the  formation  of  stacking  faults  in 
the  basal  and  prismatic  (1120)  planes  and 
structural  disordering  of  BN  on  the  direction  of 
the  axis  [0001];  b)  material  (rotational)  turns  of 
regions  of  particles  about  the  axis  [0001]  and  axes 
perpendicular  to  prismatic  planes.  In  the  latter 
case,  both  twinning  (on  turning  about  the  axes 
[llOO]  and  [1120]  and  deformation  by  the  way 
of  kinking,  i.e.,  by  turning  about  the  indicated 
axes  through  arbitrary  angles,  proceeds.  These 


processes  cause  the  orientation  instability  of 
particles,  i.e.,  the  reorientation  of  their  developed 
surface. 

The  mechanisms  of  deformation  through 
kinking  on  2H  BN  particles  under  conditions  of 
sintering  of  heganite-R  type  materials  under  high 
pressures  at  high  temperatures  have  been 
considered  in  [7].  Deformation  mainly  occurs  as  a 
result  of  group  turns  of  basal  layers  of  crystals 
about  axes  perpendicular  to  prismatic  planes  as 
well  as  the  combination  of  these  turns  with  turns 
about  the  axis  [0001]  and  displacements  with 
respect  to  it.  These  data  enable  us  to  draw  the 
following  conclusions:  a)  structural  transfor¬ 
mations  in  2H  BN  particles  during  rolling  are 
mainly  caused  by  the  action  of  shear  stresses;  b) 
the  structural  state  of  2H  BN  particles  forming 
during  rolling  is  one  of  the  major  factors  that 
favor  a  decrease  in  the  temperature  of  the  2H->3C 
phase  transition  during  sintering. 
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The  absence  of  abnormal  mean  square 
displacement  of  atoms  Sn  at  transition  from  solid 
in  a  liquid  state  at  researches  by  a  EXAFS 
method,  which  one  is  responsive  to  short-range 
nuclear  environment  [1],  is  interpreted  in  this  and 
other  activities  [2],  as  availability  of  tetragonal- 
like  ordering  of  atoms  in  a  microgroupings  of  a 
melt.  However,  the  areas  of  short-range  ordering 
are  not  an  alone  piece  of  the  composite  motive  of 
a  constitution  of  liquids.  As  shown  in  activities 
[3-5],  the  composite  motive  of  melts  consists  of  a 
system  of  Brown  drifting  polypieces, 
hierarchically  bound  among  themselves. 

In  activity  [3]  is  shown,  that  only  drips  of  a 
melt  by  the  size  of  100  nm  and  above  has  the  oval 
or  spherical  forms.  More  small-sized  zones  <  50 
nm  has  plate-similar,  rectangular  geometry.  The 
area  comparable  to  the  size  of  a  microgrouping 
(2-5  nm),  is  hardly  prolated  and  with  the  darkfield 
diffraction  methods  is  watched  as  crystal-like  area 
of  coherent  dissipation  [4]. 

The  purpose  of  the  given  activity  is  the 
realization  of  comparative  researches  of  X-ray 
photo-elecnron  spectra  of  3d  levels  and 
constitution  of  valence  bands  of  Sn  and  In  in  solid 
and  liquid  condition.  The  spectra  are  obtained  on 
the  device  3C-2401  in  vacuum  10"6  Pa,  in  X-ray 
Ka  radiation  Mg.  The  step  of  scanning  made  0,05 
eV,  and  set  of  number  of  pulses  in  a  maximum 
not  less  than  25000.  The  received  discrete  form  of 
curves  allows  to  conduct  mathematical  processing 
of  the  obtained  spectra  -  smoothing  of  curves, 
calculus  of  a  maximum  of  a  pica,  its  half-width 
etc.  We  had  designed  the  software  package 
ensuring  these  functions.  The  smoothing  was 
conducted  by  method  of  least  squares  by 
interpolation  of  polynomials  of  3-rd  degree.  The 
same  method  determined  also  reference  points  of 
an  experimental  curve  -  position  of  a  maximum, 
point  of  bends,  width  of  a  chord  on  half  of  peak 
height  and  its  center  etc.  Error  in  definition  of  a 
maximum  did  not  exceed  2 a  ~  0,012  eV  (o  — 
average-square  deviation).  It  is  so-called 


«statistical»  error,  which  one  is  determined  by  the 
extremely  discrete  form  of  submission  of  a  curve. 

The  special  researches  on  given  3C  2401 
have  shown,  what  despite  of  high  stabilization  of 
supply  voltages,  the  absolute  values  of  measured 
energies  "sail"  in  due  course  and  can  reach 
0, 3-H), 5  eV  for  one  day.  However,  these  changes 
have  monotonic,  smoothly  varying  nature,  that 
allows  them  to  take  into  account  (from  the  point 
of  view  of  relative  researches)  with  the  help  of  a 
procedure  repeated  and  continuous  process  of 
repetition  of  measurements:  I  condition  -  II 
condition  - 1  condition  -  II  condition.  As  a  result 
of  such  experiment  we  receive  interconnected 
time  sweeps  of  some  parameter  E  (we  allow, 
value  of  energy  of  a  maximum  of  a  pica):  E^h), 
En (t2),  En(Z4)  etc.,  where  the  index  at  E 

means  a  condition  of  object  of  filming.  If  now  to 
approximate  temporary  drift  of  the  device  by  a 
polynomial  (it  is  customary  3-rd  or  4-th  degrees): 
L  (t)  on  points  of  a  I-st  condition  L(t)  ~  Ej(t),  after 
the  logician  of  reasoning  a  polynomial  (L(t)  + 
AE)  must  to  describe  points  of  a  Il-nd  condition, 
and  minimum  of  a  functional  E((L(t)  +AE)-En(t)) 
characterizes  error  of  measurements  AE.  For 
more  full  count  of  errors  the  procedure  repeated 
invemtory  -  the  polynomial  on  En(t)  and 
functional  for  Ei(t)  was  calculated.  For  outcome 
received  average  value  of  these  two  values 


Parameters  of  3d-spectra  of  Sn  and  In  in  liquid 
and  solid  condition  (eV) 


Line 

F 

J-roax 

phq  psol 
^  m  L-‘  m 

(±0,03) 

AE!,q,) 

(±0,015) 

AE50'  *} 
(±0,015) 

Sn3d5/2 

484,6 

0,05 

1,29 

1,27 

Sn3d3/2 

493,0 

0,05 

1,43 

1,46 

In3dS/2 

443,1 

0,04 

1,22 

1,23 

In3d3/2 

450,7 

0,04 

1,25 

1,26 

*)  AE  -  width  of  a  pica  on  half  of  altitude 


By  described  above  techniques  were 
investigated  Sn  3d-  and  In  3d-levels  in  a  solid 
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state  at  temperature  (T)  20°C  and  in  a  liquid  state 
(T=260±20°C  for  Sn  and  T=200±20°C  for  In), 
and  also  valence  bands.  The  experimental  data  on 
In3d-  and  Sn3d-  to  spectra  are  adduced  in  tab.  1, 
curves  of  valence  bands  -  in  a  fig.  1 . 


Fig-2 

It  is  necessary  to  mark,  what  the  valence 
bands  of  the  indicated  metals  formed  by  s-  and  p- 
electrons  have  the  lowest  intensity,  the  process  of 
filming  lasted  5-^-6  hours,  the  statistical  dispersion 
therefore  took  place,  which  one  was  allowed  by  a 
special  technique.  The  marked  changes  in  valence 
bands,  at  transition  from  a  solid  state  in  liquid  it  is 
possible  to  regard  only  as  the  tendency.  In  this 
direction  it  is  expedient  to  prolong  researches.  The 
interpretation  of  features  of  a  valence  band  both  In 
and  Sn  is  complicated  by  that  on  this  area  the  4d- 
pikes  In  and  Sn  from  satellites  MgKa 
superimposed  of  X-ray  radiations,  which  even 
exceed  on  the  intensity  the  structure  of  the  most 
valence  band.  The  special  problem  arises  with 
interpretation  of  maxima  arranged  on  1,6  eV 
above  the  Fermi  level.  If  for  In  with  some  strained 
interpretation,  it  is  possible  to  explain  by 
monochromium  of  a  X-ray  radiation,  so  for  Sn  the 
explanations  to  this  maximum  no  also  problem 
demands  careful  experimental  study. 

As  a  whole  experiment  has  shown,  that 
the  changes  in  X-ray  photo-electron  spectra  at 


transition  from  a  solid  state  in  the  fluid  of 
indicated  metals  are  insignificant  and  can  be 
interpreted,  as  preservation  of  chemical  coupling 
and  nature  of  packaging  of  atoms  in  clusters, 
fragmentation  dcrivated  during  melting. 

Literature 

1.  Orton  B.R.,  Marba  G.R.,  Steel  A.T.//J.Phys.  F.- 
1987,  V.17.  PAS. 

2. V.G.Bar’yachtar,  L.E.Michailov,  A.G.Ilyinskiyi, 
A. V. Romanova,  T.M.Christenko//JETPh  -1989,  - 
V.95,JV°4,  P.  1404-1411. 

3.  Maiboroda  V.P.,  Maksimova  G.A., 
Sinelnichenko  A.P.//The  Ukrainian  Physical 
Journal  -1991,  -  Nall,  P.  1752-1758. 

4.  Maiboroda  V.P.//Thin  Solid  Films.  195,  Nl-2 
(1991),  P.357. 

5.  Maiboroda  V.P.//Rasplavy.-1996,  -  JNi’2,  P.  82- 
89. 


172 


|.  fundamental  problems  of  materials  science 
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three-phase  fields  and  four  two-phase  fields. 


Systems  A1203  -  Zr02  -  REE  oxides  (REEO) 
attract  much  attention  as  a  source  for  design  of 
refractory  oxide  materials  with  complex 
composition.  The  initial  oxides  are  very  hard, 
stiff,  have  low  thermoconductivity  and  high 
chemical  stability.  REEO  are  the  best  Zr02 
stabilizers,  alumina  improves  thermomechanical 
properties  as  well  as  inhances  die  stability  of 
ceramics  at  hydrothermal  conditions. 

Phase  diagrams  are  the  best  technologist 
assistant  for  constructing  advanced  materials.  So 
die  aim  of  the  present  investigation  was  to  study 
A1203  -  Zr02  -  REEO  phase  diagrams,  where 
REEO  -  La,  Nd  and  Y.  These  REEO  are  the 
representatives  from  Ce  and  Y  lanthanoid 
subgroups,  so  we  expected  distinctions  in  structure 
of  these  ternary  systems. 


Fig.  1.  Isothermal  section  of  the  Al203-Zr02- 
La203  phase  diagram  at  1250  °C. 

Samples  for  the  investigation  were  prepared 
of  99,9  pure  oxides,  melted  in  high-temperature 
DTA  set  and  analysed  by  DTA,  X-ray, 
petrodraphic  and  microstructural  methods.  The 
results  of  investigation  are  presented  in  Fig.  1,  2 
and  3  as  isothermal  A1203  -  Zr02  -  REEO  phase 
diagram  sections  at  1250  °C. 

The  izothermal  section  of  Al203-Zr02-La203 
phase  diagram  at  1250  °C  (fig.  1)  consists  of  four 


Solid 

solutions  single-phase  fields  as  well  as  ternary 
compounds  were  not  found  in  the  system.  Two- 
phase  field  LaA103  +  La2Zr207  corresponds  to 
the  same  denoted  quasibinary  section  as  far  as 
samples  of  this  section  contain  only  LaA103  and 
La2Zr207.  Two-phase  field  LaA103  -  T-Zr02 
corresponds  to  the  same  denoted  partially 
quasibinary  section  since  LaA103  phase  was 
found  in  equilibria  with  solid  solution  Zr02  +  1,5 
%  mol.  La203  and  therefore  the  composition  of 
the  equilibrium  phases  were  not  found  in  the 
section  plane  in  all  temperature  interval.  Two- 
phase  field  La203-11A1203  -  T-Zr02  outlines  the 
partially  quasibinary  section  of  the  same  name 
since  alumina-rich  phase  decomposes  at  1848  °C. 
Zirconia  is  the  phase  that  defines  interaction  die 
ternary  system. 

The  isothermal  section  of  the  Al203-Zr02- 
Nd203  phase  diagram  at  1250  °C  (fig.  2)  consists 
ZfOg 


Nd203  phase  diagram  at  1250  °C. 

of  five  three-phase  and  six  two-phase  fields. 
Solid  solutions  single-phase  fields  as  well  as 
ternary  compounds  were  not  found  in  the  system 
too. 

Two-phase  fields  NdA103  +  F-Zr02, 

Nd203TiAl203  +  F-Zr02  and  NdA103  + 
Nd2Zr2C>7  correspond  to  the  equilibria  of 
compounds,  that  are  formed  in  binary  bounding 
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system  A1203  -  Nd^,  with  Zr02  -  Nd203  solid 
solutions  of  different  compositions  and  ordered 
phase  Nd2Zr2(>7  with  homogeneity  region. 
Therefore  they  outline  the  partially  quasibinary 
sections  that  triangulate  the  ternary  system. 

Unlike  the  system  with  La203,  where  the 
compound  La2Zr207  with  pyrochlore-type 
structure  congruently  melts  at  2340  °C,  the 
compound  Nd2Zr2(>7  with  the  same  type  of 
structure  is  actually  the  ordered  phase  and  exists 
in  solid  state  only  at  the  temperatures  below  2220 


°C. 


The  isothermal  section  of  the  phase  diagram 
Al203-ZrO2-Y203  (fig.  3)  consists  of  six  three- 
phase  fields  and  seven  two-phase  fields  [1].  Solid 

Zr02 


Fig.  3.  Isothermal  section  of  the  Al203-Zr02- 
Y2O3  phase  diagram  at  1250  °C  [1]. 


solutions  single-phase  fields  as  well  as  ternary 
compounds  were  not  found  in  the  system  too. 
Two-phase  fields  A1203  +  F-Zr02,  Y3A150]2  +  F- 
Zr02,  YA103  +  F-Zr02,  Y4A1209  +  F-Zi02  and 
Y4A12Q9  +  Y4Zr30i2  correspond  to  the  equilibria 
of  compounds,  that  are  formed  in  binary 
bounding  system  A1203  -  Y2Q;,  with  Zr02  - 
Y203  solid  solutions  of  different  compositions 
and  ordered  phase  Y4Zr30)2,  that  is  stable  below 
1382  °C.  Therefore  they  outline  the  partially 
quasibinary  sections  that  triangulate  the  ternary 
system. 

The  izothermal  sections  analysis  of  A1203- 
Zi02-(La,  Nd,  YfcCh  systems  allow  to  draw  some 
conclusions.  Interaction  in  these  systems  has 
some  common  and  some  different  features. 

Differences  in  the  ternary  systems  studied  are 
the  result  of  interaction  changes  in  binary 
bounding  systems.  The  last  arise  from  the  ionic 
radii  value  difference  of  La  (0,114),  Nd  (0,104) 
and  Y  (0,092).  It  is  necessary  to  note,  that  the 


ionic  radii  value  difference  of  La  and  Nd  is  not 
still  sufficient  to  change  interaction  in  the  system 
A1203  -  Nd2Os,  but  is  already  evident  in  the 
system  Zr02  -  Nd203.  Thus  the  phase  with 
pyrochlore-type  structure  La2Zr2C>7  melts 
congruently  at  2340  °C,  while  the  analogous 
compound  Nd2Zr207  is  stable  in  the  solid  state 
below  2220  °C  only.  Besides  this  ion  La3>  at 
1250  °C  stabilizes  only  tetragonal  form  of  ZrO^ 
while  Nd3+  ion  -  fluorite-like  cubic  form. 

The  comparison  of  two  mentioned  above 
ternary  systems  with  the  system  Al203-ZrO2- 
Y203  reveals  even  greater  differences.  In  the 
binary  bounding  system  Zr02  -  Y203  the  phase 
with  pyrochlore-type  structure  is  replaced  by 
rombohedral  ordered  phase  Y4Zr30]2,  that  is 
stable  below  1382  °C.  The  F-Zr02  and  C-Y^ 
solid  solutions  areas  increase  a  lot.  In  addition  to 
the  compound  YA103  the  compounds  YvAljO^ 
and  Y4A1209  appear  in  the  system  A1203  -  Y203, 
while  the  compound  of  the  Ln203-11A1203  type 
disappear. 

The  common  feature  of  these  ternary  systems 
is  the  absence  of  solid  solutions  single-phase 
fields  as  well  as  ternary  compounds.  It  is  very 
important  that  Zr02  defines  the  interaction  in  the 
systems  and  exists  in  equilibria  with  almost  every 
other  phases.  It  forms  two-phase  regions  which 
triangulate  ternary  systems.  This  fact  allows  to 
make  a  conclusion  that  in  these  ternary  systems  it 
is  possible  to  construct  composite  materials  in 
which  phase  components,  i.e.  matrix  and 
reinforcement  phases,  do  not  react  in  the  course 
of  high-temperature  tuning.  One  should  also  note 
that  Zr02  is  in  equilibria  as  solid  solutions  with 
tetragonal  (Al203-Zr02-La203)  or  cubic  fluorite¬ 
like  (A^OrZrOr^rhY^Os)  structures. 


Literature 

1.  JIonaTo  JI.M.,  HasapeHico  JIB., 
TepacHMioK  T.H.,  UleBueHKo  A.B. 
H30repMMHecKoe  cenerme  rmarpaMMH 
COCTOHHHH  CHCTeMM  Zr02-Y203-Al203  npH  1250 
°C  //  HeopraHHuecKHe  MarepHanu.-  1992-  28, 
M  4.- C.  835 -839. 


174 


I.  FUNDAMENTAL  PROBLEMS  OF  MATERIALS  SCIENCE 


COMPLEX  MODELLING  OF  THE  PHASE  EQUILIBRIA  IN 
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The  Al-Ti  based  alloys  are  perspective 
heat-resistant  construction  materials.  Solid  phases 
on  the  basis  of  starting  components:  HCP  <ct-Ti> 
(a),  BCC  <P-Ti>  (P)  and  FCC  <A1>  as  well  as 
titanium  aluminides  A1Ti3  (aa),  AlTi  (y),  Al2Ti 
(ty),  AluTi5  (£),  Al3Ti  (e)  have  been  formed  in 
the  A1  -Ti  system.  The  consistent  system  of  model 
constant  sets  of  all  condensed  phases  in  Al-Ti  was 
constructed  as  a  result  of  analysis  of  experimental 
information  and  optimisation  of  phase  equilibria 
and  thermodynamic  properties  data.  This  gives 
possibility  to  calculate  the  phase  diagram  of  this 
system.  The  coordinates  concentration  Z  and 
temperature  T  of  the  character  points  of  the  Al-Ti 
phase  diagram  are  presented  in  the  table  1. 

The  table  1 . 


Nonvariant  equilibrium. 

Calculated 

Reaction 

Z,at.%Al 

T,K 

Melting  L  <A1> 

100 

933.47 

Peritectic 

L+  e  <-»  <A1> 

99.9999 

75 

938 

0.3686 

Eutectic 

aoo^+y 

40 

39 

1388 

50 

Ordering  a  o 

33 

1472 

Peritectaid 
%  +  y  <-»  t] 

68.75 

66.6667 

1483 

65.01 

Peritectic 

L  +  4<-»E 

80.12 

75 

1698 

68.75 

Peritectic 

L  +  yo^ 

69.8 

59.6 

1723 

69.78 

Peritectic 

L  +  aoy 

59.9 

1758 

50.1 

52 

Peritectic 

52 

L  +  p<f»a 

42.7 

1793 

44.1 

Congruent  melting  L  <-»  P 

7.75 

1975- 

Melting  L  o  <P-Ti> 

0 

1941 

We  took  the  modem  thermodynamic 
properties  of  the  phases  of  elements  from  SGTE 
[1], Constants  of  interaction  depending  on  the 
temperature  by  four-term  formula 
Gq  =Aq+BqT+CqlnT+DqT2  [2], 

Very  valuable  construction  materials  on 
the  basis  of  Al-Ti  alloys  are  intercrystallite 
fragile  mainly  due  to  the  grain  boundary  impurity 
segregation.  In  our  the  grain  boundary  equilibrium 
segregation  substitution  atoms  model  [3] 
polycrystal  assumed  to  be  two-phase  system  of 
solid  solution  (  s  )  and  grain  boundary  (  b  ) 
phase  which  have  small  volume  fraction  a«l. 
Introducing  internal  deviation  parameter  X  from 
mean  impurity  concentration  Z,  we  may 
determine  the  middle-phase  concentrations  as 
follows  Z‘  =  Z  +  X  for  solid  solution  and  Zb  =  Z 
-  (l-a)X/a  on  the  gain  boundaries.  Assume  that 
molar  Gibbs  potential  of  policrystal  is:  G  =  (1- 
a)G’  +  aG\  where  G‘  and  Gb  are  molar  potentials 
of  solid  solution  and  boundary  phases, 
respectively.  Substracting  the  non-segregation  G*0 
and  Gb0  potentials  we  obtaine  the  energy 
dependences  of  the  segregation  relaxation 
potential  -Gr  and  the  grain  forming  one  -Gp, 
respectively:  G  =  (l-a)G*o  +  aGbo  +  Gr  =  G’o  + 
Gp  .  If  the  volume  of  gain  boundary  phase  is 
constant  (a  =  const),  this  two-phase  system  is  in 
equilibrium  state  when  the  condition  dG/dX  =  0 
is  fulfilled.  Using  for  potentials  of  both  phases  the 
model  of  subregular  solutions  where  all  G,  are 
thermodynamic  potentials  components  phases, 
constants  of  interaction  in  solid  phase  and  in  grain 
boundary  phases  depending  on  the  temperature 
by  four-term  formula  we  obtaine  the 
transcendental  equation  for  segregation,  which  we 
must  resolve  by  numerical  methods. 

We  investigated  at  the  grain  boundary 
segregation  in  die  liquid-like  grain  boundary 
model  [3]  with  a  =  0.01  for  systems  with  the 
broad  homogeneity  regions:  a(  HCP-Al,Ti ), 

P(  BCC-Al,Ti ),  a*(  AlTi3  ),  y(  AlTi ) . 

We  have  obtained  by  computer  modelling 
the  temperature  dependences  of  the  grain 
boundary  concentration  Zb  and  die  temperature 
dependences  of  the  energy  characteristics  Gr,  Gp. 
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We  have  obtained  also  the  regions  of  phase 
existence  (consistent  with  corresponding  phase 
diagram)  and  zero-  segregation  lines  L<>  .  There 
are  general  tendency  of  increasing  the 
isoconcentration  sections  Zb  for  A1  -  Ti  with 
temperature  growth. 

In  the  a  -  A1  ,Ti  phase  we  obtained  zero- 
segregation  line  Lo  from  (  Z  =  31  at%Al  ,  T 
=1530K  )  to  (  Z  =33  at.%Al,  T=1470K.  In  the  p 
-  Ti,Al  phase  we  obtained  line  Lo  from  (  Z  =  6 
at.%Al,  T  =1970K  )  to  (  Z  =  31  at.%Al  ,T 
=1620K ).  In  the  ct2  -  Al,Ti  phase  we  obtained  line 
Lo  is  external  for  the  region  of  phase  diagram 
existence.  Impoverishment  of  aluminium  atoms 
on  the  boundary  under  coding  was  found  for 
whole  region  of  ob  phase:  Zb  =  27.5  at  %A1  at  the 
top  of  this  region  (1472  K,  33  at.%  A1  )  and  at 
1000  K  we  have  Zb  from  37  at.%Al  (  Z  =  45 
at.%Al )  to  Zb  -  0.85  at%Al  (  Z  =  20  at.%Al ). 
In  the  y  -  Al,Ti  phase  we  obtained  line  Lo  from  ( 
Z  =  47.5  at.%Al,  T  =1650K  )  to  (  Z  =61at%Al,  T 
=1350K),  with  tendency  of  increasing  Zb 
changes  to  saturation  at  Z  =  65.5  at.%  A1  with 
instability  at  T  <  1200K  Regions  of  phase 
domaines  intersections  reveale  decreasing  of  grain 
boundary  equilibrium  segregation  with  cooling: 
Zb/Z  changes  from  1.2  (Z=52  at%Al,  T=1793K) 
and  later  to  0.42  at  1000  K. 

We  have  obtained  also  general  tendency 
of  correlation  between  the  temperature 
dependences  of  the  energy  characteristics  GR  >  G* 
and  the  temperature  dependences  of  the 
concentration  Z^  on  grain  boundaries  under  the 
equilibrium  segregation  substitution  atoms. 

We  have  obtained  the  segregation 
maximums  of  temperature  Tm  and  concentration 
Zbm  are  presented  in  the  table  2. 


The  table  2. 


Phase 

Z,at%A 

1 

Tm,K 

Zbm,at.%Al 

oc(Al,Ti) 

50.1 

1793 

86 

mjn 

42.7 

1793 

55 

otj(  AlTi3 ) 

39 

1388 

34 

r(AiTi) 

65 

1483 

77 

Conclusions 

The  complex  adequate  to  the  modem 
investigation  level  description  of  die  Al-Ti  system 
was  done. 

The  Al-Ti  alloys  with  aluminium  content 
of  about  and  higher  then  50  at.%  revealed  the 
segregation  of  aluminium  atoms  on  the  grain 
boundaries.  We  have  obtained  also  general 
tendency  of  correlation  between  the  segregation 
maximums  of  temperature  Tm  and  concentration 
Zbm  and  concentration  Z  and  temperature  T  of  the 
character  points  of  the  Al-Ti  phase  diagram. 

Analysis  of  the  grain  boundary 
segregation  tendencies  for  the  y  phases  in  the  A! 
-Ti  system  also  pjermit  other  intermediate  micro¬ 
phases  nucleation  jjrognozis  on  boundary  regions. 
These  effects  may  explain  the  higfr-tempjerature 
intercrystalline  fragility  of  these  alloys. 
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HIGH-PERFORMANCE  MATERIALS  BASED  ON  Zr02 
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I. N. Frantsevich  Institute  for  Problems  of  Materials  Science,  Kiev,  Ukraine 


Ceramic  materials,  including  oxides,  are 
classified  in  application  on  conventional  and 
advanced.  The  conventional  materials  market 
grows  slowly  as  opposed  to  the  advanced  ceramics 
market,  which  is  reasonably  large  now  and 
continues  to  develop  intensively.  Advanced 
materials  are  used  principally  for  both  structural 
and  functional  materials.  Under  manufacturing  of 
structural  materials  the  attention  is  focused  on 
strength  behaviours,  whereas  under  producing  of 
functional  materials  emphasis  is  placed  on  the 
electrical  and  magnetic  properties. 

High-performance  materials  based  on  Zr02 
are  characterized  with  the  unique  combination  of 
high  strength  and  fracture  toughness,  stability  to 
influence  of  corrosive  medium,  low  thermal 
conductivity  and  especial  electrophysical 
properties,  which  are  perspectived  for  creation  of 
both  structural  and  functional  ceramics. 

The  aim  of  this  paper  is  to  present  the 
Department's  research  results  on  creation  of 
ceramics  based  on  Zr02  for  various  applications. 

Our  combined  approach  to  improvement 
of  the  Zr02  -  ceramic  materials  consists  in 
establishment  of  the  relationship  between 
producing  of  starting  powders,  forming  of  green 
bodies  and  sintering  together  with  both  strength 
behaviour  and  electric  properties  of  ceramics.  This 
non-separable  process  line-up  allows  to  design 
ceramic  materials  in  the  various  systems  based  on 
Zr02  at  a  microstructural  level.  The  behaviors  of 
designed  ceramics  have  progressed  to  the  stage 
where  they  were  promising  for  creating  of  a  variety 
of  materials:  from  refractory  products  up  to 
converters  of  energy  and  bioimplants. 

The  most  attention  has  been  concentrated 
on  producing  of  materials  with  fragmentary, 
coarse-grained  macrostructure  under  creating  of 
refractory  products.  The  active  bonding  materials 
from  the  nanocrystalline  powders  based  on  Zr02 
were  among  the  materials  component.  That  had 
allowed  to  produce  the  high-strength  sintered 
materials  with  increased  durability  to  thermal- 
fatigue  loads.  Using  of  this  process  had  created 
crucibles  and  shell  forms  with  the  covering  layer 
for  melting  of  refractory,  chemical  active  metals 
and  alloys  (up  to  2000°C);  high-temperature 
heaters  for  exploitation  in  an  oxidising  medium  at 
the  temperature  up  to  2000  °C  in  the  conditions  of 


repeated  switching  on  /  switching  off;  cermet 
crucibles  for  multifold  vacuum  distillation  and 
evaporation  of  metals  with  in  the  temperatures 
range  from  1200  up  to  2200  °C. 

The  development  of  new  structural 
ceramics  presumes  the  creation  of  the  certain 
microstructure  both  in  volume  and  surface  of  the 
materials.  This  is  due  to  the  fact  that  the  various 
destroying  factors  should  be  relaxed.  These  factors 
are  :  creation  of  the  local  stress  zones;  origin, 
accumulation  and  confluence  of  microcracks,  their 
rising  and  development  to  the  arterial  crack. 
Appropriate  microstructures  are  arisen  by  the 
purposeful  variation  of  the  matrix  chemical  and 
phase  composition  as  well  as  the  concentration  and 
morphology  of  disperse  phases.  Variation  of  the 
starting  powder  synthesis  conditions  along  with  the 
methods  of  their  forming,  pre-heated  treatment  and 
sintering  affect  as  well. 

Chemical  pure,  homogeneous  ultra-fine 
isomeric  powders  with  a  narrow  particles  size 
distribution  are  necessary  to  producing  of  fine¬ 
grained  ceramics  with  both  high  density  and 
strength.  Our  main  attention  under  producing  of 
the  starting  nanocrystalline  powders  of  complex 
composition  (from  binary  up  to  four-components) 
was  given  to  the  combined  method  of 
hydrothermal  synthesis  and  sol  -  gel  technology. 
The  powder  activity,  which  provides  the  high 
strength  behaviour  of  ceramics,  was  occurred  on 
this  step.  Slip  casting  followed  by  cold  isostatic 
pressing  provides  the  creation  of  the  "regular" 
microstructure  of  monolithic  and  layered  green 
bodies.  Slip  casting  of  aqueous  slips  was  used  for 
the  powders  forming.  Slips  were  stable  and  did  not 
require  of  additional  stabilisation.  The  solid 
concentration  varied  from  50  to  70  %  depending 
on  chemical  composition.  Castings  of  "regular" 
microstructure  as  well  as  relative  densities  from 
0,35  to  0,4  were  produced.  Hydrostatic  pressing 
was  used  for  increasing  of  the  slips  relative 
densities  up  to  0,45.  The  sintering  conditions 
variation  had  allowed  receiving  the  structural 
materials  based  on  Zr02  with  fine-grained,  two- 
scale  "self-reinforced"  and  layered  microstructures. 

The  structural  materials  with  bending 
strength  of  1000  —  1200  MPa  and  K)C  -  up  to  15  - 
20  MPa.m  0,5  were  produced  as  a  result  of  this 
complex  approach. 
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The  following  technology  were  developed: 
targets  for  electron-beam  plotting  of  heat- 
protective  coatings;  cutting  ceramics  for  various 
purpose;  dies  for  spraying  of  abrasive,  loose  and 
liquid  materials;  drags  for  drawing  of  an 
aluminium  and  copper  wire;  bioceramics. 

The  further  improving  of  the  properties  of 
the  structural  ceramics  based  on  Zr02  will  be 
centred  around  increasing  of  both  strength 
behaviour  and  fracture  toughness  as  well  as 
searching  of  physical-chemical  regularities  for 
formation  of  the  "self-reinforced"  structures  of 
composite  ceramic  materials.  Non-isometric  "self- 
reinforced"  phases  are  in  a  thermodynamic 
equilibrium  with  a  matrix  and  are  formed  as  the 
result  of  chemical  reactions,  ordering  or  eutectoid 
disintegration  of  solid  solutions.  The  certain 
perspectives  are  connected  with  the  development 
of  the  multilayer  and  gradient  materials  producing. 
In  these  materials  the  thin  discrete  layers  (up  to  20 
-  100  microns)  represent  the  "self-reinforced" 
ceramic  composites,  which  were  treated  with  non- 
traditional  thermal  treatment,  for  example,  plastic 
forming  with  a  large  cubical  strain  of  all  package. 

The  ceramic  fuel  cell  has  attracted 
considerable  interest  of  scientists  owing  to  high 
efficiency  under  transformation  of  the  fuel 
chemical  energy  immediately  to  electrical. 
Designing  of  the  solid  electrolytes  with  ionic 
conductivity  in  the  multicomponent  systems  based 
on  both  Zr02  and  oxides  of  elements  of  II  and  III 
groups  of  Periodic  system  with  the  crystalline 
structures  such  as  fluorite,  pyrochlore  and 
perofskite  is  carried  out  now  in  the  Department. 
Long-term  phase  stability  of  the  SOFC'  solid 
electrolyte,  contacting  with  2  chemical  dissimilar 
electrodes  over  prolonged  period  at  the 
temperature  1000  °C,  is  one  of  the  problems  under 
investigation.  It  demands  the  careful  researches  of 
technological  steps  both  for  forming  of  electrodes 
(cathode,  anode)  during  the  solid  oxide  fuel  cell 
manufacturing  and  under  collecting  of  separate 
cells  to  the  commutator  of  necessary  capacity.  It,  in 
turn,  presents  increased  requirements  to  both 
strength  behaviours  and  electrical  properties  of  the 
oxide  interconnection. 

Reducing  of  the  solid  electrolyte  thickness 
is  of  importance  to  designing  of  planar  fuel  cells.  It 
should  result  in  increasing  of  the  efficiency  of  the 
fuel  using,  decreasing  of  the  operation 
temperatures  and  raising  of  the  cell  efficiency  as  a 
whole.  Therefore,  producing  of  the  Zr02  layers 
from  8  to  30  pm  thickness  is  an  issue  of  the  day. 
We  used  the  electrophoretic  deposition  for  solution 
of  this  problem. 


Designing  of  the  supporting  construction 
for  planar  fuel  elements  is  topical  problem.  We 
designed  the  technology  for  producing  of  the 
gasproof  tubular  ceramic  elements  based  on 
stabilised  zirconia  for  solid  electrolytes  of  fuel 
cells  (oxygen  pumps). 
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THE  PHYSICO-CHEMICAL  BASES  of  MELTING  the  HIGH  PURE 
ALLOYS  of  Ti,  Zr,  Cr  And  DEVELOPMENT  of  PERSPECTIVE 
TECHNOLOGIES  FOR  ITS  PURPOSE 
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The  development  of  perspective 
technologies  of  melt  of  high  pure  alloys  of  highly 
reaction  refractory  metals  is  based  oil 
thermodynamic  accounts  of  refining  processes  and 
also  on  research  of  structure  change  kinetics  of 
liquid  melt  during  various  kinds  of  melting  with 
the  purpose  of  an  establishment  of  optimum 
parameters  of  melting  and  deep  refining. 

The  researches  of  refining  have  been 
carried  out  depending  on  specific  capacity  AW 
(kW  /  kg),  time  of  exposure  for  metal  at  the 
maximal  capacity  t  (minutes)  and  degree  of 
pollution  of  the  melting  atmosphere  (£  % 
impurities). 

The  influence  of  various  technology 
factors  on  gas  saturation  -  degassing  of  metal  and 
removal  of  non-metal  inclusions  of  deoxidation 
products  have  been  investigated  by  various  ways 
of  the  melting. 

Proceeding  from  physic-chemical 
properties  of  high  pure  refractory  metals  (Ti,  Zr, 
Cr)  the  optimum  parameters  their  melting  and 
refining  have  been  substantiated,  and  the 
perspective  technologies  of  reception  high  pure 
alloys  on  their  basis  have  been  investigated  and 
tested. 

It  has  been  established,  that  for  melting 
and  refining  of  zirconium  alloys,  which  have  low 
vapour  pressure  at  the  melting  temperature  (P  = 
10'3  Pa),  and  easily  deoxidate  in  vacuum  at  the 
expense  of  evaporation  of  monoxide  ZrO, 
electronic  beam  sculled  smelting  (EBSS)  with 
electromagnetic  mixing  of  melting  are  the  most 
perspective  technology  . 

Taking  into  account  rather  high  vapour 
pressure  of  titanium  at  the  melting  temperature  (P 
=  5.10'1  Pa)  the  melting  technology  of  titanium 
alloys  in  vacuum-induction  sculled  furnace  with 
"cold"  crucible  in  high  pure  argon  is  optimum. 
However,  taking  into  account,  that  the  shock 
viscosity  of  titanium  alloys  is  basically  determined 
by  the  contents  of  hydrogen,  for  melt  of  plastic 
titanium  alloys  it  is  represented  perspective 
electronic  beam  sculled  smelting  with 
electromagnetic  mixing  of  melting.  At  this 
technology  the  decrease  of  hydrogen  in  titanium  up 
to  0,001%  is  possible. 


As  chromium  vapour  pressure  at  the 
melting  temperature  is  about  10'1  Pa,  the  smelting 
of  high  pure  of  chromium  alloys  is  necessary  to 
carry  out  only  in  inert  medium  in  an  induction 
furnace  with  "cold"  crucible. 

The  experimental  researches  of  melting 
both  refining  of  titanium  and  zirconium  alloys  in 
electron  beam  skilled  furnace,  and  chromium 
alloys  in  vacuum-induction  furnace  with  ceramic 
or  "cold"  crucible  have  been  carried  out. 

The  developed  technological  parameters 
the  electronic  beam  sculled  smelting  (vacuum  . 
KT'-IO"2  Pa,  overheat  the  melt  before  0,1  Ti, 
electromagnetic  mixing  a  fluid  metal,  use  special 
deoxidisers)  have  allowed  to  ensure 
thermodynamic  parameters  of  deeper  refining  the 
titanium  alloys  from  gas  impurities,  than  under 
vacuum-arc  melting  (VDS)  [1,2].  In  alloys  VT-5L 
EBSS  the  hydrogen  contents  is  within  1-3. 10‘3  %, 
that  in  10-100  once  below  in  contrast  with  the 
metal,  received  by  method  VAS.  Thus  it  was 
possible  to  reduce  the  contents  of  impurities  O  and 
N  to  a  level  0,03-0,05  and  0,01  %  accordingly.  The 
mechanical  properties  of  a  cast  alloys,  received  by 
the  method  EBSS  vastly  exceeded  the  properties  of 
same  alloys  VDS,  thus  the  striking  viscosity 
formed  0, 5-1,0  MN'm'1  under  tolerance  for  this 
alloys  -  0,3  MN-m'1.  The  reason  of  them  is  more 
full  refining  this  alloys  from  gas  impurities  and,  in 
the  first  of  all,  from  hydrogen.  Carried  out  TEM 
has  not  shown  hydrides  layers  over  the  grain 
borders  casting  alloys  VT-5L,  received  on  the 
developed  technology. 

The  conditions  of  melt  high  pure 
zirconium  alloys  without  oxidation  and  gas 
saturation  by  a  method  electronic  beam  sculled 
smelting  are  established,  the  sources  of 
contamination  of  the  metal  and  role  the  factors 
influencing  to  getting  of  alloys  with  the  contents  of 
impurity  inculcation  at  a  level  less  than  0,1  %  are 
investigated  [3],  The  influence  of  the  different 
factors  on  degassing  of  metal  at  melting  is 
investigated.  In  the  results  melting  refining  of  the 
scraps  of  a  zirconium  alloy  Zz-l%Nb  in  vacuum 
10'2  Pa,  at  power  20xW/Kg,  time  refining  60-90  s 
and  intensive  electromagnetic  intermixing  of  a 
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melt  the  contents  of  oxygen  in  ingots  has  decreased 
from  0,15-0,2  %  up  to  0,07-0,09%. 

The  complex  of  the  carried  out 
technological  researches  has  allowed  making  a 
conclusion,  that  the  basic  sources  gas  saturation  the 
chromium  alloys  at  melting  (at  exception  of 
influence  the  ceramic  crucible)  are  the  melting  gas 
atmosphere  and  chemically  active  gases,  adsorbed 
on  a  surface  of  the  furnace,  foundry  equipment  and 
stock  [4]. 

Therefore  the  reception  of  ingots  with  the 
low  contents  of  the  impurities  inculcation  is 
possible  only  under  condition  of  providing 
preliminary  deep  ( 1 0'3-l  0 4  Pa)  oil  less  pumping 
out  of  melting  space,  degassing  of  an  interna! 
surface  of  the  furnace  and  the  stock  in  conjunction 
to  filling  of  the  furnace  high  pure  argon  and 
application  of  highly  effective  methods  of 
circulating  purification  of  inert  gas  at  melting 
process  with  multiplicity  of  an  exchange  not  less 
than  25-30  and  -  or  using  the  vapours  of  the  high- 
active  low-boiling  elements  (Mg,  Ca,  Ba,  Sm), 
ensuring  decrease  of  oxygen,  moisture  and 
nitrogen  in  a  gas  melting  atmosphere  less 
(1-3). 10^%. 

The  important  role  in  providing  of  high 
purity  alloys  is  the  technology  of  preparing  the 
burden  materials  (chromium  and  alloys 
components).  The  developed  technology  of 
preparation  chromium  burden  includes  high- 
vacuum  (below  10-4  Pa)  degassing  the  burden  at 
1200-1250°  C,  vacuum  pressing  of  briquettes  or 
consumable  electrodes  and  superficial  electron 
beam  smelting  of  consumable  electrodes.  The 
preparation  alloys  components  includes  operations 
the  cutting  alloys  components,  splitting  its  with 
ultrasonic  washing. 

The  refining  (deoxidation  and  decarbonisation)  of 
the  metal  in  the  melting  process  is  reached  by 
alloying  the  high-active  elements.  As  a  result  of 
analytical  and  experimental  researches  the 
optimum  parameters  of  deoxidation  chromium 
melt  by  rare-earth  metals  (Sc,  Y,  La)  at  arc  sculled 
and  induction  sculled  smelting  in  "cold"  crucible 


are  established.  Is  shown,  that  deep  deoxidation 
([O]  Cr  <  10'5  %)  is  reached  at  introduction  REM 
in  quantity  0,2-0, 5  %  into  melt  for  40-60s  before 
input  chemically  active  alloys  components  (V,  Ta, 
Al,  Ti,  Zr).  For  reduction  impute  into  melt  chemo 
adsorbed  gases  from  the  surface  REM,  REM 
should  be  entered  into  metal  only  as  specially 
prepared  alloys.  The  complex  of  the  described 
measures  has  made  possible  to  reduce  the  contents 
of  impurity  of  introduction  in  alloys  to  a  level  - 
0,0005-0,003,  0,001,  0,003-0,002  %  of  oxygen, 
nitrogen  and  carbon  accordingly. 

Thus  as  a  result  of  the  carried  out 
researches  and  scientific  development  the  optimum 
perspective  technologies  and  melting-foundry 
equipment  are  offered  which  make  possible  to 
receive  high-pure  alloys  on  a  basis  highly  - 
reaction  refractory  metals  (titanium,  zirconium  and 
chromium),  that  opens  new  opportunities  for  their 
application. 
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The  structure  and  mechanical  properties  <?f 
an  Cr-0,35La-0,2Ta  alloy  film  condensates 
0,25mm  in  thickness,  received  by  a  method  of 
vacuum  arc  dispersion  on  a  copper  substrate  were 
investigated  at  temperature  of  condensation  650° 
C.  The  copper  substrate  in  accuracy  corresponded 
to  the  sizes  of  a  sample  the  for  mechanical 
stretching  tests,  which  was  etched  in  a  solution  of  a 
nitric  acid.  The  received  samples  were  tested  as  in 
an  initial  state,  and  after  the  annealing  at  900- 
1300°  C  in  vacuum  during  the  various  times’ 
exposure  endurance  in  a  wide  interval  of  the 
temperatures. 

In  an  initial  state  of  delute  alloying 
chromium  condensates  have  the  fine  crystalline 
structure.  The  average  a  grain  size  is  changed  from 
0,6  up  to  2,7  microns  depending  on  the 
temperature  condensation.  High  density  of 
prismatic  dislocation  loops  of  subtraction  is 
observed  inside  grains.  Its  average  of  grain  size  is 
changed  from  0,05  up  to  0,2  microns  at  the 
increasing  of  the  condensation  temperature  from 
200  up  to  900°  C.  The  loops  are  formed  by  the 
complete  dislocations,  have  a  Burgers  vector  b  = 
<100>  and  deposited  on  {100}  planes  of  crystal 
BCC  a  chromium  lattice.  The  maximum  quantity 
of  prismatic  loops  is  observed  in  chromium 
condensates,  received  at  300°  C  and  reaches  value 
5T013cm'3. 

The  carried  out  researches  were  been 
established,  that  in  an  initial  state  samples  of 
condensates  are  fragile  and  have  the  low 
mechanical  characteristics  at  the  room  temperature 
(50-60  MPa),  due  to  huge  internal  presses  because 
of  the  high  density  vacancies  defects.  The 
destruction  thus  occurs  by  intergranular  type.  The 
stability  of  defects  is  very  high.  Their  absolute 
annihilation,  and  also  removal  of  internal  stress 
take  at  the  annealing  temperatures  1100°  C  and 
above.  At  these  temperatures  it  are  begin  the 
processes  caused  by  collective  recrystallization 
that  results  to  disappearance  of  columnar  structure, 
increase  of  the  size  of  a  grain  and  decrease  of  a 
limit  of  fluidity  and  destroying  press  at  some 
increasing  of  plasticity  and  also  decrease  of 
temperature  brittleness  up  to  the  room  temperature 


and  lower.  The  assumption  is  stated  that  the 
increase  of  a  limit  of  fluidity  in  the  field  of  test 
temperatures  700-800°  C  is  caused  probably  by 
ageing  vacancies  type.  That  the  condensates  have 
rather  high  purity  on  impurity  of  introduction, 
effect  Porteven-la-Shatelie,  which  display  on 
characteristic  of  dynamic  deformation  ageing,  was 
not  observed  during  stretching  test  at  the 
temperatures,  at  which  was  fixed  increase  of  a 
limit  of  fluidity  and  decrease  of  the  plastic 
characteristics.  For  the  first  time  it  was  observed 
stratification  in  neck  of  chromium  samples  tested 
at  400°  C,  that  also  testifies  to  high  purity  of  the 
researched  condensates  to  impurity  of  introduction. 
The  problems  intergranular  destruction  and 
stratification  in  neck  of  chromium  alloys  samples 
at  stretching  tests  are  discussed. 

Summary. 

1.  The  forming  defects  by  vacancies  origin 
at  condensation  of  chromium  alloys  are  capable  to 
cause  huge  internal  presses,  which  can  raise  the 
brittleness  temperature  up  to  700°  C  and  above, 
causing  destruction  along  the  boundary  of 
columnar  structure  (intergranular  destruction). 

2.  The  annealing  at  1000-1300°  C  result  to 
gradual  annihilation  of  the  vacancies  defects, 
removal  of  internal  presse,  and  at  1150°  C  and 
higher  to  recrystallization  processes,  that  has  an 
salutary  effect  for  mechanical  properties  and 
plastic  characteristics  of  condensates. 

3.  The  increase  of  the  mechanical 
characteristics  (at  simultaneous  decrease  of  plastic) 
at  the  test  of  temperatures  600-800°  C  is  connected 
the  most  probable  with  usual  ageing  of  vacancies 
character,  instead  of  with  processes  accompanying 
dynamic  deformation  ageing. 

4.  The  processes  of  mixed  trans-  and 
intercrystalline  destruction's,  and  also  stratification 
in  neck  of  the  tested  samples  testily  about  the  same 
nature  of  destruction  inherent  to  metals  of  Y1A 
group,  and  at  that  the  anomalies  connected  to 
difficulties  of  display  of  intercrystalline  destruction 
for  chromium  alloys,  most  likely  are  conditioned 
by  metal  purity  or  character  of  the  intense 
condition  realised  during  test. 
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Long  lasting  study  of  the  y«->a 
transformation  in  Fe-Ni-Co-Ti  alloys  has  given 
the  opportunity  to  find  the  conditions  of  its 
reverseability.  In  aging  the  austenite  of  Fe-Ni-Co- 
Ti  alloys  the  formation  of  homogeneously 
distributed  coherent  with  the  surrounding  matrix 
spherical  particles  of  y'-  phase  (Ni3Ti)  occurs.  The 
particles  including  in  austenite  retain  coherency 
with  the  crystal  lattice  of  martensite,  thus  leading 
to  its  tetragonal ity.  It  makes  easier  the  coherent 
connection  of  the  austenite  and  martensite  lattices 
and  decreases  the  level  of  strains  between  them 
that  determines  the  proceeding  of  thermoelastic 
martensite  transformation.  By  means  of  the  proper 
selection  of  the  alloys  composition  (taking 
advantage  of  the  invar  anomaly)  and  their  aging  it 
has  been  managed  to  obtain  in  the  above  alloys 
the  thermoelastic  transformation  with  hysteresis 
from  250  to  20K  [1-3].  The  aim  of  this  research 
was  the  investigation  of  the  thermoelastic 
martensite  structure  in  Fe-Ni-Co-Ti  alloys  and  its 
mutual  connection  with  the  transformation 
hysteresis. 

The  alloys  1  -  Fe-30,3%Co-20,l%Ni- 
7,7%Ti;  2  -  Fe-37,l%Co-l 8,5%Ni-8,2%Ti  and  3 
-  Fe-44,4%Co-12,2%Ni-8,0%Ti  were  melted  in 
an  induction  furnace  in  argon  atmosphere,  hot 
rolled,  homogenized,  then  water  quenched  from 
1423K  and  aged  in  a  salt  bath  at  T=923K.  The 
characteristic  temperatures  of  martensitic 
transformation  and  its  hysteresis  were  determined  by 
the  low  field  magnetic  permeability.  The 
metallographic  and  X-ray  studies  of  the 
martensite  structure  at  low  temperatures  were 
carried  out  too.  The  degree  of  tetragonal  ity  c/a  of 
the  crystal  lattice  of  martensite  and  the  volume 
effect  of  transformation  AV/V  were  calculated 
using  parameters  of  the  y-  and  a-  phases  lattices 
defined  from  the  positions  of  corresponding 
diffraction  lines.  The  martensite  quality  was  also 
determined  by  X-ray  method. 

When  aging  time  increases,  the  particles  of 
y'-  phase  grow.  Thus,  owing  to  lower  content  of 
Ni  and  Ti  in  austenite  the  characteristic 
temperatures  of  martensite  transformation 
increase  and  Curie  temperatures  decreasing  is 


observed.  Also  the  quality  of  appeared  martensite 
grows  and  hysteresis  of  yoa  transformation 
becomes  smaller.  The  further  growth  of  y'-  phase 
particles  leads  to  the  break  of  coherency  with  the 
matrix  and  the  enlarging  of  hysteresis 
accordingly.  It  is  clear  from  the  results  obtained, 
some  correlation  between  such  characteristic  of 
transformation  reverseability  as  its  thermal 
hysteresis  and  the  structure  of  the  thermoelastic 
martensite  in  Fe-Ni-Co-Ti  alloys  exists,  figure  1. 

During  thermoelastic  yoa  transformation 
the  formation  of  martensite  in  cooling  and  its 
disappearance  on  followed  heating  occurs  as  a 
result  of  the  reversible  moving  of  martensite 
crystals  borders.  It  can  be  noted,  that  the 
martensite  crystals  are  thin  plated  with  straight 
boundaries  and  forms  well-defned  relief  on  the 
surface  of  the  preliminary  polished  specimens.' 
The  length  of  martensite  plates,  as  a  rule,  is 
comparable  with  the  austenite  grain  size.  The 
disappearance  of  thermoelastic  martensite  plates 
comes  about  in  reverse  order  of  their  formation, 
that  is,  the  earlier  forming  plates  disappear  later. 

The  morphology  features  of  thin  plated 
martensite  evidence  of  high  moveability  of  the 
plates  borders  and  that  there  is  no  relaxation  of 
the  strains  yvhich  are  brought  about  by  the  plates 
growth  owing  to  coherent  connection  of  the 
austenite  and  martensite  lattices.  In  an  austenite 
grain  the  relaxation  takes  place  because  of  the 
energy  advantageous  directions  of  martensite 
plates  growth  and  the  formation  of  the  parallel 
plates. 

When  considering  the  martensite  structure  in 
alloys  with  different  hysteresis  of  y<->a 
transformation,  it  can  be  noticed,  that  the  smaller 
hysteresis  is,  the  thinner  plates  of  martensite 
become,  figure  1.  Besides,  in  the  alloys  with 
narrow  thermal  hysteresis  the  relief  height  lowers 
that  evidences  of  the  smaller  form  deformation  on 
the  transformation  while  the  volume  changes  are 
equal.  It  w'as  showm,  the  martensite 
transformation  hysteresis  essentially  depends  on 
the  aging  time  and  is  evidently  influenced  by  the 
volume  part  of  y'-  phase  particles,  wdtich  retained 
coherent  with  austenite. 
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a)  b)  c) 

Figure  1 .  Martensite  in  Fe-Ni-Co-Ti  alloys  with  different  hysteresis  of  yt-oa  transformation  (xl  00): 

a)  alloy  1,  aging  time  -  13  min,  H=85K; 


6)  alloy  2,  aging  time  -  1  min,  H-120K; 
b)  alloy  3,  aging  time  -  5  min,  H=200K. 

precipitations)  has  considerable  hysteresis:  the 
minimal  feasible  one,  obtained  by  aging  in  this 


But  there  are  reasons  to  suppose  the 
morphology  and  crystal  structure  of  martensite  be 
determined  by  the  volume  part  of  coherent  y'- 
phase  particles  too.  Disperse  coherent  y'-  phase 
particles  become  the  centers  of  a  shift  in 
martensite  and  cause  large  tetragonality  of  its 
crystal  lattice.  The  increase  of  c/a  leads  to  the 
lower  of  martensite  crystal  elastic  energy  in 
austenite  and,  thus,  to  decreasing  coherent  strains 
on  the  interphase  of  austenite  and  martensite,  that 
determines  the  reverseability  of  martensite 
transformation  in  the  alloys  investigated.  It  should 
be  noted,  that  the  correlation  exists  between  the 
transformation  hysteresis  and  the  degree  of 
martensite  crystal  lattice  tetragonality:  the 
maximum  of  c/a  corresponds  to  the  minimum  of 
thermal  hysteresis. 

As  it  is  known,  at  early  time  of  aging  the 
volume  part  and  size  of  y'-  phase  particles  grows, 
that  resulted  in  increasing  the  shift  centers  in 
martensite  and,  as  a  consequence,  in  rising  c/a. 
While  aging  time  increased,  the  values  of 
tetragonality  reach  maximum  and,  then,  start 
decreasing.  We  can  suggest  the  y'-  phase  particles 
when  grew  to  some  critical  dimension  lose  their 


alloy,  consists  185K  and  corresponds  to 
c/a=T,105;  the  increase  of  Ni  content  in  the  alloy 
2  leads  to  the  narrowing  of  hysteresis  - 
Hmin=100K,  c/a=T,13;  and,  then,  the  alloy  1, 
having  the  largest  Ni  content,  reveals  the  follow 
parameters:  H;mn=65K,  c/a=l,15. 

Thus,  increasing  the  degree  of  tetragonality 
c/a  of  the  crystal  lattice  of  martensite  resulted  in 
narrowing  hysteresis  of  y<->ot  transformation  in 
Fe-Ni-Co-Ti  alloys.  It  has  been  shown  that 
hysteresis  of  y<H>a  transformation  in  the 
investigated  alloys  is  quite  strong  controlled  by 
the  time  of  aging.  The  martensite  in  these  alloys 
is  thin  plated  with  straight  borders  (that  is,  with 
the  character  configurations  of  its  crystals 
decreasing  the  elastic  energy)  that  evidenced  of 
their  high  moveability.  The  thickness  of  plates 
reduces  and  martensite  relief  becomes  lower 
when  the  transformation  hysteresis  diminished. 
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coherency  with  the  matrix,  that  causes  the 
diminishing  of  martensite  crystal  lattice  tetragonal 
distortion. 

Thus,  the  alloy  3  with  small  content  of  Ni 
(that  also  influences  the  volume  part  of  Ni3Ti 
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Sintering  is  one  of  the  most  important  and 
continuous  operations  in  powder  metallurgy. 
Intensification  of  this  process,  especially  by  using 
new  technologies,  is  am  important  problem  of 
science,  technology,  and  economics. 

This  paper  is  devoted  to  the  theoretical  and 
experimental  consideration  of  the  influence  of 
defects  on  the  conventional  and  bulk  heating 
sintering.  The  vacancy  path  in  a  crystal,  containing 
grain  boundaries,  pores  and  dislocations  is 
discussed.  The  diffusional  process  rates  have  a 
maximum  at  the  dislocation  density  about 
10n  cm'2  Influence  of  the  pore  surface  quality  on 
the  diffusional  process  rates  is  considered. 

The  experimental  results  in  the  study  of 
the  physical  processes  during  electric  contact 
sintering  as  compared  with  other  methods  of 
sintering  indicate.  The  theoretical  concepts  of  an 
activating  effect  of  electric  current  during  sintering 
are  real  and  is  accelerated.  Healing  of  the  large 
pores  is  accelerated  and  their  total  number  is 
reduced  during  the  electric  contact  sintering,  unlike 
during  radiation  and  induction  heating,  during 
which  a  coaqulation  and  qrowth  of  the  large  pores, 
accompanied  with  an  increase  in  their  total 
number,  takes  place.  The  pores  are  spheroidized 
and  distributed  uniformly  over  the  whole  bulk  of 
the  sintered  material  during  electric  contact 
sintering.  The  method  of  direct  electric  contact 
sintering  has  advantages  in  comparison  with  the 
others  from  the  point  of  view  of  efficiency  of  the 
process  (the  duration  of  the  sintering  is  reduced, 
the  eguipment  is  cheaper,  power  consumption  is 
lower,  producton  area  is  smaller). 

As  has  been  shown  the  sintering  process  of 
metallic  powders  can  be  intensified  considerably 
by  using  the  high-rate  electric  contact  heating 
technigue  of  compacted  samples  and  subseguent 
isothermal  holding  for  not  very  long  time  at  the 
sintering  temperature.  For  industrial  use  of  this 
method  the  physical  processes  taking  place  during 
electric  contact  sintering  are  to  be  studied 
comprehensively.  One  or  another  structure  is 


formed  depending  on  these  processes  to  determine, 
in  turn,  the  properties  of  sintered  materials.  It 
should  be  noted  that  properties  of  sintered 
materials  are  largely  determined  by  a  formation 
process  of  interparticle  juctions,  arrising  between 
sintered  powders  at  high  temperatures.  Whereas 
these  processes  during  conventional  furnace 
sintering,  which  is  used  widely  in  powder 
metallurgy,  are  more  or  less  studied,  in  the  case  of 
electric  contact  sintering  they  are  not  practically 
investigated.  So  the  theoretical  and  experimental 
invetigations  of  a  possible  local  increase  of 
temperature  near  the  interparticle  contacts  during 
electric  contact  sintering  and  an  influence  of  this 
possible  effect  on  the  properties  of  sintered 
materials  and,  in  particular,  on  sintered  powder 
steels  were  the  aims  of  this  work.  It  is  noteworthy 
that  during  usual  furnace  sintering  an  effect  of  the 
local  increase  of  the  temperature  near  the 
interparticle  contacts  is  not  arising.  During  electric 
contact  sintering  a  local  increase  of  the 
temperature  near  a  contact  arises  due  to  the 
condensation  of  the  current  lines  near  the  contact 
resulting  in  Joule  heat  increase.  As  will  be  shown 
below  an  inccrease  in  electric  resistance  of  the 
contact  due  to  the  present  oxides  and/or  the  fine 
qeometrical  structure  of  the  contact  is  the  main 
cause  of  the  local  temperature  increase. 

Theoretical  results  on  calculating  a 
temperature  difference  in  a  particle-contact  region 
and  in  a  bulk  of  a  grain  are  considered.  In  the  regi¬ 
on  an  electric  resistance  is  often  increased  due  to 
changes  in  chemical  composition  (as  a  result  of 
oxidation,  seqreqation,  etc.)  as  well  as  fine  structu¬ 
re  of  electric  contact.  As  a  result  at  passing  an 
electric  current  through  compressed  powder  mate¬ 
rial  the  temperature  increases  in  the  contact  region 
resulting  in  a  local  formation  of  a  liquid  phase 
there  at  a  final  stage  of  high-rate  electric  heating. 
The  theoretical  results  on  a  possibility  of  the  local 
formation  of  the  liquid  phase  in  the  interparticle 
contact  regions  are  experimentally  confirmed  on 
powder  steels  alloyed  with  Cr,  Mn,  Mo  and  Ni. 
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Fractographic  and  metallographic  investigations  as 
well  as  measurements  of  the  changes  in  the 
mechanical  properties  were  performed  to  support 
conclusion  of  local  melting. 

Thus  the  results  of  the  experimental 
investigations  (properties,  structure,  quality  of  the 
interparticle  junctions)  confirm  the  theoretical 
calculations  as  to  local  increase  of  temperature  in 
the  region  of  the  interparticle  contacts  during 
electric  contact  sintering  resulting  in  the  formation 
of  the  liquid  phase  in  contact  sites.  This,  in  turn, 
results  in  a  formation  of  more  large-sized 
interparticle  junctions  having  more  perfect 
structure  and  geometry.  As  a  result  of  that  the 
ductile  pit-shaped  interparticle  failure  occurs 
during  fracture.  Therefore  the  mechanical 
properties  of  the  samples  sintered  by  the  electric 
contact  method  are  considerably  higher  than  those 
of  ones  obtained  by  the  usual  furnace  sintering. 
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Conventionally  Ti  and  its  alloys  arc  used 
where  the  high  unit  strength  and  good  corrosion 
resistance  play  a  main  role.  Among  the  properties 
interesting  to  a  physical  metallurgy  and  physics  of 
metals,  we  can  select  the  followings:  small  number 
of  slide  systems,  mechanical  twinning  in  addition 
to  already  operating  slide  during  plastic  defor¬ 
mation,  phase  transformation  and  bound  with  it 
behavior  of  deformation  structure  and  others.  In 
case  of  fme-grained  Ti  (d<10  pm)  peculiarities  of 
strain  at  low  temperatures  conditioned  by  presence 
of  material  texture  or  super-plasticity  occur. 

The  aim  of  present  work  was  the  analysis  of 
peculiarities  of  structure  formation  at  deriving  of 
titanium  condensates  and  examination  of  parame¬ 
ters  of  grain  boundaries  hardening  in  commercially 
pure  titanium  at  room  temperature  in  wide  interval 
of  grain  size.  Different  grain  sizes  were  obtained 
both  by  deformation  with  thermal  treatment  and  by 
evaporation  and  condensation  of  titanium  in 
vacuum  (physical  sedimentation  -  PS)  [1], 

As  a  host  material  we  use  Ti-alloy  VT1-0 
(commercially  pure  titanium).  After  rolling  and 
recrystallization  thermal  treatments  samples  for 
tensile  tests  with  different  (15...  100  pm)  grain 
sizes  were  prepared.  The  same  alloy  was  applied  in 
a  molten  state  to  consequent  pulverization  and 
sedimentation  to  obtaine  by  PS  method  fine¬ 
grained  titanium  condensate  (2... 3  pm  in  diameter 
and  20...  30  pm  in  length  at  condensing 


perpendicular  to  sedimentation  surface.  SEM,  x500 


following:  temperature  in  an  interval  0,3... 0,5  Tm, 
velocity  of  condensation  of  steam  of  titanium  on 
steel  substrate  ~14  pm/min.  All  key  parameters  of 
process  were  expressly  selected  for  titanium. 

For  stabilization  of  a  composition  and 
deriving  of  grains  in  interval  of  sizes  from  3  up  to 
50  microns  the  heat  treatment  under  lower  than 
phase  transformation  temperature  (400... 700  °C) 
were  used.  The  typical  structure  of  condensate 
obtained  by  scanning  electron  microscopy  (SEM) 
is  shown  on  fig.l. 

As  an  initial  curve  for  grain  size  dependence 
of  Hall  -  Petch  (fig. 2)  the  already  known  literary 
data  on  titanium  [2]  which  were  confirmed  in 
present  work  was  utilized.  Tensile  tests  of  all 
specimens  were  carried  out  at  20  °C  with  strain 
rate  1,5*1  O'3  s].  SEM  and  optical  microscopy  were 
used  for  monitoring  of  grain  size.  The  texture  of 
samples  was  studied  by  X-ray  method  ,  and 
transmission  electron  microscopy  (TEM)  to 
analysis  of  plastic  deformation  in  fine-grained  Ti 
condensate  was  used. 

The  first  obtained  result  was  a  little  bit 
unexpected.  Data  of  tensile  tests  of  all  specimens 
obtained  by  PS  method  appeared  in  1,5... 2  times 
above  expected  grain  size  dependence  (fig.2). 

In  one  of  last  models  [3]  (deformation  one), 
the  following  equation  for  coefficient  of  grain  size 
hardening  Ky  in  the  Petch-Hall  expression  was 

proposed:  Ky  =  3  xc  M  Am  4r  , 

where  tc  is  critical  shear  stress,  M  is  Teylor’s 


grain  size  at  different  modes  of  deriving  and 
treatment. 
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orientation  factor.  Am  is  Shmidt’s  orientation 
factor  and  r  is  constant  with  dimensionality  of 
length. 

The  factor  M  defines  a  level  of  yield  stress  of 
material  for  given  polycrystal.  Magnitude  Am,  on 
definition  [3],  reacts  only  on  disorientation  of 
optimum  oriented  slide  systems  of  two  neighbour 
grains  due  to  necessity  of  fulfillness  during  plastic 
deformation  of  polycrystal. 

The  experimental  research  of  textures  was 
carried  out  on  Schulz  procedure  (on  reflecting). 
Polar  figures  (fig. 3)  are  obtained  with  declination 
up  to  70°  (a  dotted  line).  For  comparison  the 
textures  were  studied  in  two  cases:  (a)  in  a  sheet 
after  strain  and  recrystallization  annealing  and  (b) 
in  material  made  by  PS  method.  For  first  case  the 
polar  figure  (0002)  indicating  the  strong  anisotropy 
is  obtained  (fig. 3,  a),  its  arises  during  rolling  of 
given  alloy  up  to  big  enough  level  of  strain  (e  > 

0,5).  It  is  rolling  texture  of  (0001)  [101  0]  type, 
and  rolling  direction  coincides  with  axis  of  sample 
(or  with  tension  direction  )  at  consequent  tensile 
tests. 

For  sample  made  by  PS  method,  polar  figures 
(0002),  (1010)  and  (1011)  were  studied.  On 

polar  figures  (0002)  and  (101 1)  we  can’t  saw  the 
presence  of  any  preferential  orientations,  This  fact 
testifies  to  random  allocation  of  normal  lines  of  the 
relevant  planes.  As  against,  the  polar  figure 

(1010)  represents  (fig.  3,  b)  an  axial  grown  texture 

of  (1010)  type,  that  uniquely  speaks  about 
preferential  grown  in  crystal  along  direction  of 
normals  to  planes  of  a  prism  {1010}  [4], 

The  results  obtained  in  work  permit  to  derive 
the  following  conclusions: 

1.  The  grown  texture  which  is  formed  in 
sedimented  from  vapour  phase  condensate  leads  to 
substantial  growth  (1.5... 2  times)  of  yield  stresses 
of  fine-grained  titanium  and,  most  likely,  due  to 
the  influence  on  the  Teylor’s  orientation  factor  of 
given  material.  However  such  texture  considerably 
differs  from  texture  of  conventional  sheet  after 
thermomechanical  treatment,  and  it  does  not  allow 
to  use  the  obtained  results  for  build-up  of 
dependence  of  grain  size  hardening  on  fine-grain 
sizes. 

2.  In  titanium,  deposited  from  a  vapour  phase, 
numerous  micro-pores  by  a  size  from  0,05  up  to 
0,1  microns  are  observed  in  grain  bodies  (but  not 
just  on  boundaries). 

3.  Under  plastic  deformation  of  fine-grained 
titanium  the  formation  of  dislocation  cellular 
structure  that  functionally  necessary  for  assimila¬ 


tion  of  shift  and  rotary  modes  of  strain  is  delaying. 
In  this  connection  there  is  a  supposition  was  made 
that  in  a  fine-grained  material  the  role  of 
boundaries  of  grains  and  a  role  of  a  cellular 
structure  in  part  may  be  superimposed,  that 
promoted  by  a  state  of  a  material.  This  one  is  close 
to  a  state  having  a  super-plasticity  behavior. 


Fig. 3.  Textures  of  Ti  samples  in  initial  state 

a)  strain  and  recrystallization,  a  polar  figure  (0002) 

b)  sedimentation  from  a  vapour  phase,  a  polar 

figure  (10 10). 
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The  intermetal  lies  Al3Ti  and  Al3Zr  possess 
many  attractive  characteristics,  such  as  a  relatively 
low  density  (3.388  and  4.140  g/cm3,  respectively), 
increased  oxidation  resistance  and  high  melting 
temperatures.  These  properties  make  these 
materials  to  be  very  attractive  for  use  in  high 
temperature  applications. 

Both  compounds  have  similar  atomic 
structures  (i.e.  D022  in  Al3Ti,  D023  in  Al3Zr)  with 
the  same  tetragonal  space  group  of  I4/mmm. 
Relative  structural  stability  of  these  phases  is 
determined  by  (i)  mean  value  of  valence  electrons 
per  atom,  (ii)  atomic  radius  ratios  of  the 
components,  (iii)  existence  of  internal  stresses  in 
specimen  [1],  At  certain  combinations  of  these 
factors,  the  D022  h  D023  structures  can  be  present 
simultaneously  or  partitioned  with  other  phases. 
For  example,  transformation  of  the  tetragonal  D022 
into  a  cubic  Ll2  phase  (space  group  Pm3m)  in  the 
AI3Ti  intermetallic  alloyed  with  Cr,  Mn,  Fe,  Co, 
Ni,  Cu,  Zn,  Ag  and  Pd  was  reported  [2], 
According  to  [1,  3],  the  cubic  symmetry  of  the  Ll2 
structure  makes  it  more  ductile,  as  compared  to 
D022.  In  addition  to  the  above  mentioned 
structures,  a  polymorphous  modification  of  the 
D022  structure  with  the  quadruplicate  lattice 
spacing  c  was  reported  for  the  Al3Ti  intermetallic 
[4,  5].  This  phase  was  designated  as  Al24Tig  [4], 
The  temperature  range  of  existence  of  this  phase 
was  585-63  8°C  in  the  alloy  of  the  stoichiometric 
composition,  and  it  extended  up  to  950°C  in  the 
alloys  with  higher  concentration  of  Ti  [5]. 

In  the  present  work,  an  in-situ  XRD  method 
was  used  to  study  phases  in  the  Al3(Ti).xZrx)  alloy 
system  in  temperature  range  of  20-1 100°C  and  the 
composition  range,  x,  of  0-1.  Hardness  and  plastic 
properties  of  these  alloys  were  also  determined. 

The  alloys  were  produced  by  arc  melting  in  a 
purified  argon  atmosphere.  X-ray  analysis  of 
specimens,  in  as  cast  and  grinded  in  an  agate 
grinder  conditions,  was  conducted  using  a  DRON- 
UM1  diffractometer  with  monochromatic  Cu  Ka 
radiation  .  A  graphite  single  crystal  was  used  as 
monochromator. 


High  temperature  X-ray  investigations  were 
performed  in  helium  atmosphere,  using  a  UVD- 
2000  add-on  device.  Scanning  step  was  29=0.05°. 
A  DBWS-941 1  software  was  used  to  conduct  full- 
profile  analysis  of  the  diffraction  patterns  and 
determine  lattice  parameters  of  the  phases. 


Fig.  1 .  XRD  -  Pattern  (a)  of  the  sample  Al3Ti  at 
temperatures  20  and  650°C;  (b)  of  the  sample 
Al3(Ti0  g4Zr0  k,)  at  temperatures  20,  600  and  700°C. 

In  addition  to  main  diffraction  peaks  from  the 
D022  structure  and  weak  peaks  from  the  FCC 
aluminum  lattice,  series  of  additional  peaks  were 
registered  on  the  diffraction  pattern  of  the  AI3Ti 
cast  alloy,  as  it  is  shown  in  Figure  la.  The 
additional  lines  which  do  not  belong  to  the  D022 
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and  FCC  structures,  were  identified  satisfactorily 
as  pertaining  to  a  low  temperature  polymorphous 
modification  Al24Ti8  [4],  with  the  parameters  of 
the  tetragonal  lattice  a  —  0.3875  and  c  =  3.384  nm. 

The  Al24Ti8  phase  was  detected  only  at 
temperatures  below  650  °C,  and  above  this 
temperature  the  XRD  peaks  from  this  phase  were 
not  revealed  (Fig.  la).  This  phase  also  was  not 
observed  after  heating  the  specimen  to  a 
temperature  above  650°C  and  following  cooling  to 
room  temperature.  However,  the  Al24Ti8  phase  was 
detected  again  after  grinding  of  these  annealed 
specimen.  It  was  therefore  suggested  that 
formation  of  the  Al24Ti8  phase  is  initiated  by 
internal  stresses  formed  in  the  surface  layer  during 
grinding.  To  prove  this  suggestion,  the  grinded 
material  was  treated  with  a  hydrochloric  acid  to 
remove  the  deformed  surface  layer.  After  this 
treatment  the  XRD  lines  from  the  Al24Ti8  phase 
indeed  disappeared. 

Mechanism  of  D022  — >  Al24Ti8  phase 
transformation,  is  related  probably  with  shear 
processes.  In  order  to  obtain  the  Al24Ti8  structure 
from  Al3Ti,  necessary  each  second  unit  cell  should 
be  shifted  in  AI3Ti  on  vector  l/2(a+b)  in  (001) 
plane.  Positional  parameters  in  these  structure 
Al24Ti8  are  given  in  table. 


Tabl 

Com¬ 

pound 

Atom 

Position 

x/a 

y/b 

z/c 

Al(l) 

4c 

1/2 

Al(2) 

4d 

1/2 

1/4 

Al(3) 

4e 

0.1875 

Al24Ti8 

Al(4) 

4e 

0.4375 

Al(5) 

8j 

1/2 

0.375 

Ti(l) 

4e 

0.0625 

Ti(2) 

4e 

0.3125 

The  D022  and  D023  structural  types  are  the 
main  structural  constituents  of  Al3(Tii.x,Zrx)  cast 
alloys.  At  0%  Zr,  the  Al3Ti  compound  has  the 
distinct  D022  crystal  structure.  The  D023  phase 
(Al3Zr  type)  is  detected  when  some  titanium  in  the 
Al3Ti  compound  is  substituted  with  zirconium 
atoms.  The  volume  fraction  of  the  D023  phase 
increases  rapidly  from  0  to  90%  when  the  atomic 
fraction  of  zirconium,  X,  increases  from  X  =  0  to 
0.24.  At  X  »  0.5  or  higher,  the  D023  is  the  only 
phase  detected  by  XRD. 

Presence  of  zirconium  in  alloys  causes  also  a 
peculiar  passing  of  the  phase  transformations  at 
high  temperatures.  These  peculiarities  were 
studied  in  the  present  work  for  alloy 
(Al3Tio.84Zr0.i6),  containing  equal  quantities  of 


phases  with  D022  and  D023  structures  in  initial  as- 
cast  state,  formed  at  arc  melting  in  conditions  of 
fast  cooling. 

X-ray  “in  situ”  investigation  of  this  specimen 
at  heating  to  1000°C  followed  by  cooling  has 
permitted  a  consecution  of  phase  transformations 
of  D022  and  D023  structures  to  be  determined  (Fig. 
lb).  It  was  shown  that  heating  to  600°C  followed 
by  holding  for  1  hour  at  this  temperature  causes 
increasing  of  D023  phase  quantity  to  70%,  and  in 
temperature  range  650-700°C  this  increasing  is  up 
to  95  %  (Fig.  lb).  At  heating  to  higher 
temperatures  (1050-1 100°C)  structure  transition 
D023  ->  D022  is  registered.  Content  of  these  phases 
becomes  at  that  to  be  equal  approximately  tb  that 
of  the  phases  in  cast  alloys,  cooled  in  arc  furnace 
on  copper  bottom.  Following  cooling  and  holding 
of  the  alloy  at  650°C  gives  rise  to  D022  ->  D023 
transition  again. 

Hardness  of  Al3(Ti,.xZrx)  alloys  appeared  to  be 
significantly  lower,  than  hardness  of  Al3Ti  and 
Al3Zr  alloys.  At  the  same  time  plasticity 
characteristic  8^  [3]  is  lower  for  Al3Ti  and  Al3Zr 
that  for  Al3(Ti].xZrx)  alloys. 

Conclusion 

A  low  temperature  phase  modification 
Al24Ti8  was  also  detected  in  the  surface  layer  in  the 
temperature  range  below  650  °C  and  it  was  found 
to  be  a  result  of  the  surface  grinding.  The  phase 
transformation  of  a  tetragonal  structure  D022  into 
another  tetragonal  phase  D023  was  observed  at  the 
zirconium  content  of  1  at.%  and  above.  On 
cooling,  this  transformation  occurred  in  the 
temperature  range  600-650°C.  The  inverse 
D023  -»  D022  transformation  was  found  to  occur  on 
heating  at  temperatures  1100  °C  and  above.  The 
addition  of  both  Zr  in  Al3Ti  intermetallic  and  Ti  in 
Al3Zr  causes  hardness  decreasing  and  increasing 
of  the  plasticity  characteristic. 
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Zr  is  usually  added  to  Ti-alloys  to  increase 
their  workability  and  corrosion  resistance.  Two 
isothermal  sections,  at  1200  and  at  1050°C  were 
published  for  the  Ti-Zr-Si  system.  Equilibria  at 
crystallization  are  unknown.  Vety  scarce 
information  is  available  on  phase  relationships  in 
the  Ti-Zr-Si-Al  system.  Thus,  the  goal  of  this 
report  is  to  present  results  of  our  examination  of 
Zr  influence  on  the  structure  and  properties  of  as- 
cast  Ti-Si  alloys  and  of  Ti-Si-Al  alloys,  both  as- 
cast  and  annealed. 

The  most  prominent  feature  of  the  Ti-corner 
of  the  Ti-Zr-Si  system  is  appearance  of  the  ternary 
eutectic  L  ^  <p-(Ti,Zr)>  (p)  +  (Ti,Zr)5Si3  (Z)  + 
(Ti,Zr)2Si  (S2)  at  the  composition  ~80Ti-10Zr- 
lOSi  The  eutectic  temperature  was  determined  to 
be  ~1330°C.  Three  in-coming  reactions  are  the 
following:  L  p  +  Z;  L  <-»  p  +  S2;  L  +  Z  <-»  S2. 
Location  of  the  comers  of  appropriate  three-phase 
field  were  established.  P+S2  eutectic  was  found  to 


be  finer  than  P+Z,  that  might  promote  higher 
plasticity  of  the  samples. 

Silicon  content  in  the  solid  solution  was 
found  to  drastically  decrease  versus  zirconium 
growth.  At  Zr  concentration  about  15  at.%  Si 
content  in  the  solid  solution  is  close  to  zero. 

Wide  two-phase  fields  p  +  S2  and  a  +  S2 
occur  in  the  system,  Poa-transformation 
temperature  decreases  when  zirconium  content 
increases.  At  Zr  concentration  more  than  30  at.% 
the  three-phase  field  a  +  p  +  S2  should  have  the 
temperature  minimum. 

AI  additions  increase  this  temperature 
significantly.  However,  in  the  quaternary  system 
additional  low-temperature  equilibria  (700-800°C) 
take  place. 

In  the  whole,  the  character  of  phase  equilibria 
in  the  Ti-comer  of  the  quaternary  Ti-Zr-Si-Al 
system  is  similar  to  that  in  the  ternary  Ti-Zr-Si. 

Microhardness  of  the  primary  phases  and  of 
eutectic  mixtures  was  measured. 
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Available  information  on  the  crystal 
structures,  phase  diagrams  and  thermodynamics  of 
alloys  (both  solid  and  liquid)  in  the  R-Pb  (R  =  rare 
earth  metal)  binaries  is  considered.  Revealed 
regularities  of  physico-chemical  interaction  in  the 
R-Pb  systems  are  being  compared  with  those 
previously  discussed  for  the  systems  R-Si  [1],  R- 
Ge  [2],  R-Sn  [3]. 

At  present  9  experimentally  constructed 
phase  diagrams  are  known  (Sc,  Y,  La,  Pr,  Eu,  Gd, 
Dy,  Yb,  Lu).  Information  on  thermodynamic 
properties  of  solid  and  liquid  R-Pb  alloys  is 
scarce,  as  well.  Analysis  of  the  available 
information  on  R-Pb  systems  together  with  that 
for  R-Si,  R-Ge,  R-Sn  systems  [4]  allowed  us  to 
find  out  the  following  peculiarities  of  R-Pb 
systems: 

1.  Mutual  solid  solubility  of  the 
components  is  no  more  than  1  %  (at.)  at 
subsolidus  temperatures. 

2.  All  the  systems  are  characterized  by 
formation  of  several  compounds:  2  for 
the  Sc-Pb,  7  for  the  Pr-Pb.  All  these  are 
the  line  phases,  except  Y5Pb3,  Gd5Pb3 
and  Dy5Pb3.  The  last  have  narrow  (no 
more  than  ~2  %  (at.))  homogeneity 
regions  at  near  melting  temperatures. 

3.  The  following  stoicheometries  are  more 
typical  for  R-Pb  systems:  R5Pb3  (17 
compounds),  R5Pb4  (14),  RPb3  (16).  In 
contrast  to  R-Si  [1]  and  R-Ge  [2] 
intermetallics,  the  crystal  structure  of 
isostoicheometric  compounds  does  not 
change  along  the  row  of  rare  earths. 

4.  R5Pb3  are  the  most  refractory  compounds 
in  all  the  systems.  For  the  systems  of 
heavy  rare-earths  {Sc,Y,Gd,Dy,Lu}  -  Pb 
these  are  the  only  congruently  melting 
compounds,  as  well.  In  the  systems  of 
light  rare-earths  (La,  Pr)  RPb3 
compounds  melt  congruently  in  addition 
to  R5Pb3. 

5.  Equilibrium  with  Pb  is  degenerative  and 
takes  place  at  320-329°C. 


6.  The  temperatures  of  uni-type  equilibria 
gradually  change  along  the  lanthanide 
row  and  correlate  with  the  melting  points 
of  pure  rare  earths. 

It  is  known  that  these  are  congruently 
melting  compounds  defining  both  shape  of  the 
phase  diagram  and  concentration  dependence  of 
thermodynamic  functions.  On  the  basis  of  this 
fact  and  of  above  regularities  we  have  made  the 
prognosis  of  8  unknown  R-Pb  phase  diagrams  and 
of  unmeasured  values  of  thermodynamic 
functions  of  plumbides  formation. 

Peculiarities  considered  are  typical  for  the  R 
systems  with  normal  valency  (+3).  Bivalent  Eu 
and  Yb  interact  with  Pb  in  a  different  way,  more 
similar  to  Ca  and  Ba.  This  is  reflected  in  the 
character  of  phase  diagrams  and  in  the  values  of 
thermodynamic  functions. 
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THERMODYNAMIC  PROPERTIES  OF  BISMUTH  SELENIDES  AND 
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Materials  based  on  halcogenides  of 
metals  are  promising  for  the  needs  of 
optoelectronics  and  microsensor  apparatus. 
Semiconducting  compounds  of  A2B3  type 
where  A  and  B  are  the  elements  of  group  V 
and  VI,  respectively  are  of  the  same  class  of 
materials.  These  compounds  are  being  used 
successfully  in  thermoelectric  apparatus  during 
few  last  decades.  Recently,  the  compounds 
possessing  the  structure  of  chalcopyrite  or 
purite  was  shown  to  be  used  in  photoelectric 
apparatus. 

Practically,  the  more  complicated 
compounds  formed  from  semiconducting 
binary  compounds  are  more  promissing.  This 
fact  is  due  to  that  the  properties  of  multi¬ 
compounds  system  change  in  wide  ranges  and 
one  can  obtain  the  material  with  needed 
characteristics  by  composition  changing. 

In  the  present  paper  the  thermodynamic 
properties  of  bismuth  selenides  Bi2Se3  and 
bismuth  tellurides  Bi2Te3  and  their  mutual 
solid  solutions  have  been  studied.  The  Gibbs 
energies,  enthalpies  and  entropies  of  formation 
of  the  alloys  was  determined  using  the 
measurements  of  EMF  concentration  galvanic 
cells  within  the  temperature  range  300-540K. 
The  low  temperature  heat  capacity  were 
measured  by  using  adiabatic  method  with 
current  heat  input  in  vacuum  with  the 
temperatures  60-3 00K  and  the  standard  values 
of  thermodynamic  functions  nave  been 
calculated. 


The  enthalpies  of  individual  compounds 
and  their  solid  solution  were  measured  by 
mixing  method  of  high  temperature 
differential  calorimeter  from  room  temperature 
up  to  the  melting  temperature. 

The  obtained  experimental  data  for  the 
individual  compounds  are  listed  in  the  tables. 
They  are  in  agreement  with  published 
literature  values. 

Table  1.  Gibbs  energy,  enthalpy  (kJ-mol 
at'1)  and  entropy  (J-mol  at.'1  K'1)  of  formation 
of  Bi2Se3  and  Bi2Te3  at  359K. 


Compound 

-AjG 

-AfH 

-AfS 

Bi2Sc3 

28,65 

29,0 

0,93 

(±142) 

(±0,8) 

(±2,09) 

Bi2Te3 

22,28 

19,9 

6,6 

(±0.18) 

(±1,9) 

(±5.3) 

Table  2.  Enthalpy  (J-mol'1),  heat  capacity, 
entropy  and  reduced  Gibbs  energy  (J-mol'1 
K'1)  of  Bi2Se3  and  Bi2Te3  at  298,15  K. 


Compo¬ 

und 

H°(T)- 
-H°(298, 15) 

Cp°(T) 

S°(T) 

<J>°(T) 

Bi2Se3 

28278 

(±142) 

124,53 

(±0,50) 

215.1 

(±1,8) 

120,3 

(±1.8) 

Bi2Te3 

31048 

(±156) 

126.19 

(±0,50) 

256.6 

(±2,1) 

153,6 

(±2,3) 
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THERMOCHEMISTRY  OF  LIQUID  Co-Ce  AND  Co-Sm  alloys. 
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The  enthalpies  of  mixing  of  binary  liquid 
alloys  of  Co-Ce  and  Co-Sm  alloys  were 
measured  by  isoperibolic  calorimetry.  The 
experimental  data  show  exothermic  effects  of 
alloy  formation,  in  agreement  with  previously 
measured  enthalpies  of  mixing  of  cobalt  with 
the  lanthanides  (Ln).  The  values  of  the  limiting 
partial  enthalpies  in  the  Co-Ce  system  are 
(kJ/mol)  at  1850K:  AHCe  =-87,6  ±5,8  and 
AH co  =  -34,0  ±2,9 .  In  the  Co-Sm  system 
Hc0=- 50,5  ±3,9  at  1400K.  The  tendency  of 

increasing  absolute  values  of  AH\  for  Co-Ln 
melts  traversing  the  row  of  rare  earths  metals 
has  been  established.  Cerium  was  shown  to 
display  non-integer  valence  in  alloys  with 
cobalt  (between  3  and  4)  due  to  s-f 
hybridization  near  the  Fermi  level. 

The  cerium  mixed  valence  model  has 
been  used  to  explain  the  results  of 
thermochemical  measurements  in  Co-Ce  liquid 
alloys. 

The  significant  negative  enthalpies  of 
mixing  of  lanthanides  with  cobalt  can  be 
explained  by  a  transfer  of  5d  electrons  from 
the  lanthanide  to  the  depleted  cobalt  d  shell. 


In  the  case  of  Co-Ce  systm  there  is  a 
significant  difference  beyween  the  Fermi 
energies  of  the  compo-nents:  about  -3,3  eV  for 
Ce  and  -4,4  eV  for  Co.  Therefore,  the  alloys 
of  cobalt  with  lanthanides  should  be  formed 
with  large  exothermic  effect. 

AH? 


Variation  in  the  AH?  data  through  the 
lanthanides  row  for  Co-Ln  alloys  (kJ/mol). 

•  -A  H?a  O  -A  H?n 
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THE  SYSTEM  CR-CU 


Lesnik  N.D.,  Minakova  R.V.,  Homenko  E.V., 

IN  Frantsevich  Institute  for  Problems  of  Materials  Science,  NASU,  Kyiv,  Ukraine 


New  demands  on  composite  materials  in  the 
systems  Mo(W)-Cu  require  their  characteristics  to 
further  improve.  Effective  method  of  improving 
the  characteristics  of  these  materials  is 
strengthening  of  structure  components  and  their 
boundaries  by  alloying.  The  alternative  wav  is  to 
find  out  new  materials  on  the  base  of  svsteins  with 
different  physical -chemical  characteristics,  for 
instance  Cr-Cu.  Powder  composite  materials  in 
these  systems  may  be  interesting  for  wcldinsr. 
energetic,  electrical  engineering  applications. 

The  paper  seeks  to  study  adhesive  interaction 
in  system  Cr-Cu  and  effect  of  additions  Fc.  Co.  Ni, 
and  Si  (up  to  10  %mass.)  on  spreading  of  copper 
over  Cr  surface  adhesive  characteristics  and 
formation  of  interphase  boundaries.  The  choice  of 
alloying  elements  was  limited  by  both  increasing 
adhesion  characteristics  in  the  contact  pair 
refractory  componcnt-mcltino.  metal  and 
strengthening  low  melting  composite  components 
(at  insignificant  changing  copper  electroconduc¬ 
tivity }.  In  addition,  the  composite  materials 
structure  with  alloying  additives  made  by  liquid 
phase  sintering  or  impregnating  Cr  porous  samples 
with  pure  copper  or  its  alloys  (Cu  +  additions), 
w  ere  investigated. 

The  structure  and  phase  composition  of 
interphase  volume  (formed  in  the  spreading  drop 
process  and  when  contact  pair  was  cooled)  were 
studied  by  the  up-to-date  analytical  methods:  local 
X-ray  spectral  analysis  (EMPA)  and  metallography 
(scanning  electron  and  optica!  microscopy). 

The  experiment  included  the  following  slap.es: 
the  refinement  of  wetting  technique  in  system  in 
question,  the  investigation  of  Cr  wetting  lv-  Cu  and 
Cu-Cr  alloys  (up  to  6  %  mass  Cr)  and  Cu- 
addrtion  alloys  and  forming  of  interphase 
boundaries  in  vacuum  (2  -  4)  ■  MU  Pa  at  the 
temperature  region  1373-1573  K:  optimization  of 
tlie  condition  for  preparation  Cr  -  Cu  composites  at 
the  liquid  phase  sintering  and  investigation  of 
impregnating  samples  structure. 

The  wetting  of  Cr  bv  pure  Cu  and  Cu-Cr 
alloys  was  studied  by  variation  of  rested  drop 
method,  with  separated  heating  of  the  samples  and 
activation  their  contact  at  temperature  of 


experiment.  The  contact  angles  were  determined 
by  measuring  of  shadow  view  of  cooled  drop. 

Good  wetting,  high  value  of  adhesion  work 
and  weak  temperature  dependence  of  contact 
wetting  angles  (2340-2300  m.T/m2  in  the 
temperature  rage  1373-1573  K)  characterize  the 
system  in  question.  Complete  wetting  of  Cr  by  Cu 
was  not  observed:  the  contact  angle  in  all  cases  had 
a  finite  value  (6  <r  90  degrees)  [  ]]. 

The  component  of  contact  pare  volatilizes  at  a 
high  rate  under  the  experiment  condition.  The 
temperature  (w  here  vapor  pressure-  reaches  KUPa) 
is  equal  for  Cu  and  Cr  1180  and  3219  K 
correspondingly  In  this  connection  the 
contribution  of  the  phase  spreading  in  the  process 
of  substance  propagation  over  surface  is 
comparable  with  contribution  of  evaporation- 
condensation.  Preliminary  saturation  of  Cu  by  Cr 
do  not  caused  of  the  wetting  change,  what  it  is 
evidence  of  high-speed  solution  of  substratum 
substance  in  melt  and  spreading  of  saturating  melt. 

Composite  materials  on  the  base  of  Cr-Cu 
(50:50  by  mass.)  was  prepared  by  mechanical 
mixing  of  Cr  and  Cu  powders,  pressing  and 
impregnating  of  porous  specimen  by  Cu.  Content 
of  refractory  component  in  the  composite 
corresponded  to  the  development  of  the  biggest 
capillary  forces,  that  affected  particles  with  liquid 
phase  between  them  in  the  disperse  system 
refractoiy  component-low  melting  metal. 
Impregnation  was  carried  out  at  the  surplus 
pressure  of  technical  hydrogen  and  hvdrogen 
received  by  decomposition  TiH:  in  vacuum.  In  this 
work  the  powders  of  electrolytic  chromium  and 
chromium  received  b\  reducing  of  chromium 
oxide  by  CaH_  was  used.  Microstructurc  of  Cr-Cu 
composite  was  studied  by  modern  analytical 
method.  It  was  established,  that  if  specimens  were 
prepared  by  Cu  impregnation  in  the  technical 
hydrogen  large  area  without  wetting  of  refractor, 
particles  surface  was  observed  in  the  fracture 
surface.  Impurities:  S,  O,  C,  N,  Ca;  Na,  C!  were 
present  on  the  non -wetting  surfaces.  The  area 
without  wetting  by  the  melt  metal  were  absented  in 
the  specimens  prepared  from  electrolytic  refined 
Cr-powder,  high  quality  Cu  in  fine  vacuum- 
hydrogen  (TiH:)  medium. 
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Bv  spreading  and  wetting  experiments  it  was 
established  that  addition  in  question  are  interphase 
active  and  they  improve  adhesive  characteristics  in 
Cr-Cit  systems,  for  example,  2600  ml/  nr  in  the 
system  Cr  —  (Cu+7  %mass.  Si.)  The  concentrate 
enrichment  of  interphase  boundary  volume  by 
alloying  elements  in  contact  pair  Crs  -  (Cu+Fe)i, 
Crs  -  (Cu+Co)i,  Crs-  (Cut-Si);  was  detected  (Fig  1). 
The  structure  and  composition  of  the  interphase 
lavers  are  varied  with  additions  and  reflected  the 
character  of  the  phase  equilibrium  in  the 
corresponded  metallic  systems. 


c 


Fig.  1  The  R-x  microscopic  images  of  interphasc 
boundaries  after  wetting  experiments  (at  1200°C: 
2  min),  in  contact  pairs  Cr-tCu+Sif  Ka  Si  (a); 
Crs-(Cu+Fe)i,Ka  Fe  (b):  CrKCu+Co); ,  Ka  Co  (c). 


is  fixed  in  contact  pair  Crs  -  (Cu+Si)i  at  1  loO°C 
with  around  70  pm.  It  was  possible  to  observe  two 
lavers  with  different  properties  (hardness)  and 
chemical  composition.  Tire  mtermetalhc  layer  at 
the  interphase  near  Cr.,  can  be  formed  in  solid  state 
by  mechanism  of  reactive  diffusion  in  distinction 
from  layer  at  the  interphase  near  the  low 
temperature  component  of  the  contact  pair 
crystallization.  It  was  noticed  that  structure  of  the 
transition  layer  in  contact  pair  Cr.  -  (Cu+Fe)j  and 
Crs  -  (Cu+Si)i  are  sufficiently  similar.  But  in  this 
case  thickness  of  the  layer  sixtimes  smaller  (10-15 
pm)  then  thickness  Crs  -  (Cu+Si)j  contact  pair 
laver.  A  well  defined  and  rish  Co  layer  was  formed 
at  the  liquid  solid  interphase  in  contact  pair  Crs  - 
(Cu+Co)i 

(with  around  of  40  pm).  No  reactivity  is  observed 
at  the  Cr,  -  (Cu+Ni);  contact  pair  inteiphase  layer. 

It  was  found  out  the  phenomenon  Cr-particle 
dispergation  in  the  microstructure  of  the 
Crs  -  (Cu  +  additions))  composition  compacted  in 
the  presence  of  liquid  phase  (  for  electrolytic 
powder)  [2]. 

SUMMARY 

The  results  of  investigation  of  addition  effect 
on  adhesive  characteristics  and  interphase  boun¬ 
daries  formation  in  Cr-Cu  systems  were  summari¬ 
zed.  Peculiarities  of  interphase  structure  formation 
and  microstructure  of  powder  composition  com¬ 
pacted  in  the  presence  of  liquid  phase  were  stu¬ 
died.  Cr-particle  dispergation  in  the  microstructure 
of  investigated  Cr-Cu  composition  was  detected. 
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The  most  extended  interpfase  layer 
(intermetalUc  nature)  was  found  in  the  contact  pair 
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Silicon  carbide  is  considered  for  sorption  and 
membrane  separation  thanks  to  the  inertness  to 
chemicals,  stability  at  high  temperature  and 
abrasion  durability.  Carbon  promotes  the  sorption 
of  organic  impurities  in  fluid  as  a  filter  (1, 2\ 

The  microporous  silicon  carbide  is  expected 
to  have  high  temperature  stability  because  of  high 
melting  point  of  SiC,  Tmei,=--2,540°C.  And  the  SiC 
sintering  temperature  is  as  high  as  0,8  1  nicit  t31, 
while  those  of  the  ultra-dispersed  powders  of  TiN 
and  AIN  is  about  0.45  TmcU  |4\  The  reactive  SiC 
synthesis  is  promising  to  obtain  microporous 
materials 

The  synthesis  of  porous  SiC  in  reactive 
system  Sis  +  Cs  =  SiC  was  studied.  The  influences 
of  specific  surface  of  reactive  mixture,  pressing 
and  thermal  conditions  were  studied  with 
characteristics  of  permeability,  durability  of 
samples. 

The  mixtures  with  surface  40-120  m2/g  were 
obtained  through  the  grinding  in  high  energy  ball 
mill.  As  shown  in  the  Fig.  1  dependence  of  the 
specific  surface  of  reactive  mixtures  had  sharp 
maximum. 


Fig  1 .  Dependence  of  the  specific  surface  of  reactive 
mix  on  grinding  time  in  high  energy  ball  mill 


As  shown  in  Tabled  we  obtained  the  samples 
with  porosity  of  45-60%,  pore  size  up  to  0,3  pm 
measured  by  the  bubbling  method  and  specific 
surface  of  40  m2/g. 

With  the  increase  up  to  40  m2/g  of  specific 
surface  of  sintering  mixture  the  sintering  time  and 
temperature  and  isotherm  reaction  time  were 
increased  comparing  to  initial  mixtures  of  high  Ssp 
Mechanical  strength  and  shrinkage  absence 
during  synthesis  needs  the  frame  of  more  hard 
melted,  graphite-added  mixtures  and  then  the 
quick  SiC  reaction  is  realized  in  high-dispersed 
mixtures. 


Table  1 .  SiC  specific  surface  synthesized  in  argon 
with  reaction  mixtures  and  types 


Ssp 

of 

mix, 

m2/g 

Pressure 

of 

pressing, 

MP 

Sintering 
T,  °C,  t,  h 

Poro¬ 

sity, 

% 

Dpor, 

pm 

Ssp, 

m2/g 

85 

50 

1600-1 

61 

0,5 

5,9 

85 

100 

1600-1 

58 

0,47 

6,5 

85 

150 

1600-1 

54 

0,41 

11,0 

32 

50 

1300-2 

57 

0,5 

24,2 

85 

50 

1600-0,5 

57 

0,36 

8,2 

32 

50 

1600-0,5 

56 

1,0 

2,3 

85 

- 

1600-2 

58 

0,56 

3,6 

61 

50 

1150-0,33 

47 

- 

28,7 

115 

50 

1150-0,33 

54 

- 

37,9 

115 

50 

1650-0,17 

59 

- 

2,6 

46 

50 

1650-0,17 

50 

- 

3,7 

X-Ray  analysis  data  (fig.2)  showed  that  the 
change  of  mixture  into  high  dispersed  state  (Ssp  = 
115  m2/g)  by  grinding  provide  synthesis  of  SiC 
during  0.33  hours  at  1150°C  in  argon.  If  Ssp  =  61 
m2/g  there  is  essential  quantity  of  non-reacted 
silicon. 
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Fig  2.  X-Ray  diffraction  (k,  KaCu)  of  SiC  samples, 
synthesized  in  argon  medium  as  per  modes:  1  - 
1650°C  -  0.17  h;  2-  1150°C-0.33  h;  3  -  1150°C- 
0.33  h.  Sspof  reactive  mix,  m2/g  2-61,1,3  -115. 

Table  2  shows  the  nitrogen  isotherm  sorption 
of  samples. 

Table. 2.  Pore  structure  of  SiC  by  N2  adsorption 
isotherm 


Sgp  of  mix, 
m/g 

85 

85 

32 

115 

46 

Sintering 

T,  °C 

1600 

1600 

1600 

1150 

1350 

Sintering 
x,  h 

1 

2 

0,5 

0,33 

0,5 

Sintering 

medium 

A r 

Ar 

... 

Ar 

Ar 

co2 

Porosity,  % 

61 

57 

54 

47 

Sbet  ,  mi/ 8 

6,1 

8,6 

18,5 

37,9 

20,7 

SMi ,  mz/g 

3,8 

6,8 

16,2 

30,0 

17,3 

VMi ,  cmfVg 

0,003 

0,004 

0,007 

0,015 

0,009 

VMe ,  cm7g 

0,008 

0,012 

0,019 

0,045 

0,029 

Ws,  cm7r 

0,011 

0,016 

0,026 

0,060 

0,038 

r„,  nm 

3,6 

3,7 

2,8  3,2 

3,7 

As  the  dimension  of  micropore  (radius)  is 
about  2, 8-3, 7  nm,  this  may  be  used  as  for  a  filtering 


of  water  solutions  from  the  organic  molecules  such 
as  methylene  blue  and  phenol. 

With  porosity  50%  (at  Ssp  =  30  m2/g;  Sspv  =  50 
m2/cm3)  the  effective  pore  radius  estimated  to  be  20 
nm  by  formula  rp  =  2P/Sy;(„  which  is  comparable  to 
hydrogen  -selective  nanoporous  membranes. 

Therefore,  there  is  possibility  of  low-temperature 
synthesis  of  porous  silicon  carbide  with  high  specific 
surface  (up  to  40  m2/g)  with  micropores. 


REFERENCES 

1.  Tomilina  E.M,  Lukin  E.S.,  Kagramanov 
G.G.  Durable  porous  ceramics  based  on  silicon 
carbide  with  low  sintering  temperature,  Refractory 
and  Ceramics,  2000.  N°4.  pp.12-14. 

2.  Mathere  J.,  Mirzhanov  A.G.,  Borovinskaya 
I.P.  and  others  Ceramic  filters  for  drinking  water 
filtering,  Refractory  and  Ceramics ,  1999.  Ns  1-2. 
pp.43-47. 

3.  Andrievski  R.A.  Nanocrystalline  High 
melting  point  compound  based  materials,  Journal  of 
Materials  Science.  1994.  V.29.  P.614-631. 

4.  V.V.  Dalidovitch,  N.V.  Fedorov,  O.Ed. 
Babkin,  Deriving  and  properties  of  sorption-active 
ceramic  materials  based  on  ultra-fine  TiN  and  AIN 
powders,  Journal  Appl.  Chem.,  1994.  V.67,  N°6. 
P.942-945  (in  Russian) 

5.  Gilev  V.G.,  Silicon  carbide  membrane 
materials,  Advanced  materials  and  technologies 
problems,  Perm,  Issue. 5,  2000,  pp. 45-52. 


197 


I.  FUNDAMENTAL  PROBLEMS  OF  MATERIALS  SCIENCE 


NEW  TRENDS  IN  SUPERHARD  MATERIALS  SCIENCE 

Ilyasov  V. 

Don  State  Technical  University,  Rostov-on-Don,  Russia 


The  problem  of  creation  of  superhard  materials  on 
a  basis  cubic  boron  nitride  remains  urgent  at  the 
moment.  The  successful  search  of  new  materials 
requires  the  understanding  of  the  laws  of  formation 
of  the  chemical  bonding,  determining  their  high 
mechanical  properties.  The  analysis  of  the 
tendencies  of  reception  both  formation  of 
properties  of  composites  and  opportunities  of 
designing  of  superhard  materials  with  of  new  by 
properties  on  the  basis  of  parameters  of  the 
electronic  structure  of  a  material  is  carried  out. 
The  scientific  concept  of  designing  of  new 
materials  with  and  by  properties  is  developed 
which  includes  physical  principles  of  modeling  of 
electronic  structure  of  composites  of  complex 
structure  and  structures,  theoretical  method  of 
account  of  density  of  electronic  condition  of  a 
material,  technique  of  account  of  energy  of 
chemical  bonding,  physical  and  mechanical 
properties,  technique  of  computer  modeling  of 
structure  of  superhard  material.  By  result  of 
scientific  development  formation  of  physical  bases 
of  creation  new  superhard  material,  determining  a 
new  perspectiv  direction  in  structure  of  metallurgy 
was.  Practical  use  of  the  given  approach  has 
allowed  to  define  the  peculiarities  of  chemical 
bonding  in  composites  of  difficult  structure  and  to 
open  an  electronic  nature  of  mechanical  properties 
in  them. 

The  study  of  electronic  structure  of  complex 
substances  usually  represents  a  difficult  problem, 
including  both  experimental,  and  theoretical 
researches  of  electronic  structure  and  physical 
properties  of  the  given  connections.  Composites, 
received  usually  by  the  methods  powder 
metallurgy,  have  high  dispersion.  The  part  of  metal 
atoms  (and  their  connections)  will  form  a  matrix, 
but  some  of  them  penetrate  into  grains  of  a 
refractory  phase.  On  borders  grains,  for  example  c- 
BN,  there  are  the  exotic  phases,  for  example  as 
A1B,2  or  crystals  of  complex  structure.  Along  with 
with  many  factors,  determining  individual 
properties  of  composites  on  a  basis  with  c-BN  is 
impossible  to  exclude  probability  of  partial 
replacement  by  atoms  -  components  of  the 
positions  N  or  B  in  the  lattice  c-BN;  i.e.  formation 
on  the  basis  of  cubic  boron  nitride  of  limited  firm 
solutions,  keeping  structure  of  an  initial  of  a  matrix 
c-BN.  However,  there  is  no  theory  clearly 


explaining  mechanisms  of  interaction  at  an 
electronic  level  of  •  various  components  as  in 
connections  of  complex  structure,  and  in 
composites  on  a  basis  boron  nitride. 

At  development  of  physical  principles  of  modeling 
of  superhard  materials  were  based  on  the  following 
rules[l]: 

1 .  The  change  of  zoned  structure  in  new  materials, 
in  the  first  approach,  is  possible  to  consider  as 
caused  imposing  of  zones,  connected  to  zones  an 
initial  component,  and  density  of  condition  is 
defined  by  the  contributions  of  the  appropriate 
zones  of  components  in  the  same  parity,  as 
concentration  appropriate  a  component  of  a 
superhard  material: 

N(E)  =  C1-N,(E)  +  (1-C1>N2(E), 

Where  Q  -  concentration  of  the  first  system, 
making  a  basic  matrix,  Ni  -  complete  DOS  of  i- 
that  system; 

2.  Establishment  of  laws  of  formation  of  electronic 
structure  and  chemical  bonding  in  base  refractory 
materials  allows  to  simulate  on  their  basis  new  tool 
materials. 

3.  In  systems  as  BN-Me  there  is  the  high  robability 
of  replacement  of  vacancies  boron  and  nitrogen  by 
atoms  of  3d-metal,  as  the  electronic  configuration 
last  corresponds  to  positive  ions,  covalent  the 
radiuses  of  which  are  commensurable  with 
radiuses  of  atoms  boron  and  nitrogen.  Thus,  at 
introduction  of  transitive  3d-metal  in  c-BN  are 
kept  structure  and  parameters  of  an  elementary  cell 
c-BN. 

4.  Increase  of  density  of  electronic  condition 
(DOS)  at  a  level  Fermi  in  superhard  materials  as 
BN-Me/TiC  can  specify  occurrence  in  them  of 
metal  making  chemical  bonding  and  indirectly  to 
characterize  increase  of  resistance  of  superhard 
materials. 

5.  In  tool  materials  with  dot  and  volume  defects 
arises  some  DOS  at  a  level  Fermi,  and  in  solutions 
of  replacement  is  observed  some  nonlocalization  of 
electronic  condition  of  top  valence  band. 

In  the  present  work  is  used  model  of  a  «solid 
state»,  which  is  defined  following: 

-  the  structure  and  parameters  of  a  cell  c-BN  are 
kept  at  introduction  in  him  of  transitive  3d-metal; 

-  at  replacement  of  atoms  boron  and  the  nitrogen 
by  metals  of  formation  of  other  phases  does  not 
occur. 
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Using  advanced  physical  bases  and  accepting 
the  advanced  concept  of  change  of  structure  of 
system  by  means  of  partial  replacement  the  atoms 
of  metal  of  positions  of  nitrogen  and  boron  in  an 
elementary  cell  c-BN  develop  the  block  diagram  of 
the  basic  stages  of  designing  by  it  of  difficult 
structure. 

Results  of  the  complete  characteristic  of  new 
superfirm  materials  and  the  development  of  bases 
of  designing  of  superhard  materials  include  a 
database  about  electronic  structure,  communication 
between  peculiarities  of  electronic  condition  and 
parameters  of  durability  of  superhard  materials. 
Some  fragments  of  these  data  are  resulted  below. 

Effects  of  introduction  allow  flexibly  to  adjust 
physical  properties  of  an  initial  matrix  cubic  BN 
and  allows  to  enter  metal  making  bonding,  that  can 
ensure  increase  of  resistance  of  a  material.  Is 
investigated  character  of  influence,  carried  out  s,  p 
-  elements  on,  on  electronic  structure  cubic  .  afraid 
in  system  BNl-xMex  (Me  =  Mg,  Al,  Si)  [2],  Is 
shown,  that  in  threefold  systems  BN-  (Mg,  Al,  Si) 
increase  of  condition  in  to  a  strip  is  observed.  The 
reduction  of  chemical  communication  in  them 
(rather  binary  c-BN)  can  be  connected  to  partial 
breakage  of  chemical  bonding  in  threefold  system. 
The  elastic  properties  of  system  BN-(Mg,  Al,  Si) 
raise,  that  will  be  coordinated  with  experiment.  It 
correlates  with  downturn  of  statistical  weight  of  an 
electronic  sp3-configuration  for  atoms  boron  and 
nitrogen.  Number  and  the  intensity  of  maxima 
DOS  for  BN-(Mg,  Al,  Si)  decreases,  that  can 
specify  increase  of  statistical  weight 
nonlocalisation  electron  in  system.  Is  shown,  that 
the  character  of  influence  of  introduction  s,  p- 
elements  on  electronic  structure  is  largely  defined 
by  peculiarities  of  a  power  rule  of  maxima  LDOS 
of  an  introduced  element.  Character  curve 
complete  DOS  of  top  valence  band  in  considered 
systems  speaks  about  presence  of  influence  s,  p- 
impurity  on  width  of  a  forbidden  band.  In  the  field 
of  forbidden  energy  growth  DOS  takes  place,  that 
can  result  in  increase  a  heat-conducting.  The 
reduction  of  chemical  bonding  in  comparison  with 
binary  c-BN  can  be  connected  to  partial  breakage 
of  chemical  bonding  in  threefold  system,  caused  by 
reduction  by  quantity  valence  electrons,  owing  to 
introduction. 

In  systems  BN-  (Mg,  Al,  Si)  area  forbidden 
energy  narrower  than  in  c-BN  and  density  of  filled 
condition  electrons  at  a  level  Fermi  appear 
significant,  that  conducts  to  essential  change  of 
major  physical  properties.  Study  of  electronic 
structure  cubic  boron  nitride  at  it  doped  by 
transitive  3d-metals,  i.e.  material  on  a  basis  BN- 


Me  (Me  =  Ti,  Cr,  Mn,  Fe,  Ni,  Cu),  allows  to  make 
the  preliminary  conclusion  about  distinction  of 
mechanisms  of  formation  electronic  structure  of 
considered  systems.  In  the  given  systems  width 
valence  band  grows.  Is  shown  [3],  that  in  systems 
BN-Me  transitive  3d-metals  represent  itself  as 
positive  ions,  the  covalent  radiuses  of  which  are 
commensurable  with  radiuses  boron  and  nitrogen. 

Being  based  on  physical  principles  of 
computer  modeling  and  developed  block  diagram 
of  the  basic  development  cycles  of  structure 
superhard  materials  on  data  of  account  of  their 
electronic  structure  and  established  communication 
between  peculiarities  of  an  electronic  structure,  the 
structure  and  properties  of  substance,  and  also, 
using  a  database  about  electronic  structure  of 
threefold  materials,  carries  out  modeling  new 
perspectiv  superhard  materials:  as  (BN-Ti)  /  (TiC  - 
V)  and  as  (BN  -  Ni)  /  (TiC  -  V).  The  analysis  them 
electronic  structure  shows,  that  varying 
concentration  of  systems,  included  in  a  composite, 
it  is  possible  to  predict  occurrence  of  located 
electronic  condition  in  a  new  material.  Accounts  of 
physical  properties  of  considered  above 
composites  testifies  to  a  real  opportunity  to 
supervise  physical  properties  of  simulated  cutting 
tool  materials. 

The  spent  computer  modeling  electronic 
structure  of  new  materials  on  a  basis  (BN  -  Me)  / 
(TiC-Me)  opens  ample  opportunities  in  a 
theoretical  prediction  of  physical  properties  of 
similar  composites  and  development  of  his 
optimum  structure  for  synthesis  of  new  superhard 
materials  with  predicted  properties.  A  basic 
opportunity  and  expediency  of  computer  modeling 
of  new  tool  materials,  with  theoretically  predicted 
physical  properties,  and  development  of  optimum 
structure  of  a  powder  for  synthesis  of  new 
materials  is  shown. 
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The  granites  widely  used  in  facing  and 
building  usually  are  exposed  to  finishing 
machining:  to  fine  grinding  and  polishing.  The 
surface  layer  formed  in  an  outcome  of  such 
machining,  also  is  the  basic  carrier  of  their 
aesthetic  and,  at  a  microlevel,  physico-mechanical 
properties.  At  the  same  time  a  few  who  was  set  by 
the  purpose  to  study  a  structure  of  this  surface 
layer,  as  for  facing  works  is  usual  visual  evaluation 
of  quality  of  a  surface.  Except  for  superficial 
properties,  the  structure  of  a  treated  stratum  can 
much  tell  about  processes  happening  in  contact 
zone  at  grinding  and  polishing  of  granites,  that 
represents  practical  interest  for  development  of 
new  finishing  tools.  These  processes  are 
substantially  investigated  for  machining  a  glass 
and  metals,  and  practically  are  not  investigated  for 
a  stone. 

The  granites  of  various  deposits  on  85-95 
%  by  volume  consist  of  three  basic  groups  of 
minerals:  quartzes,  calcium  feldspars  (such  as 
anorthite)  and  alkaline  feldspars  (for  example, 
microchne).  The  content  of  a  microcline  and  its 
nearest  analogs  for  all  deposits  is  rather 
considerable  and  vary  from  20  up  to  60  %  by 
volume.  In  whole  by  the  phase  structure  the 
granites  represent  completely  crystalline  rocks,  in 
which  amorphous  phase  are  absent  in  full. 

The  method  of  X-ray  phase  analysis  was 
used  for  the  research  of  structural  modifications  in 
surface  layer  of  granites  of  various  deposits  caused 
by  their  contact  interaction  with  abrasive 
composites  at  polymeric  binding  during  finishing 
machining.  For  all  investigated  samples  the 
appearance  of  intensive  amorphysation  of  a 
microcline  and  its  analogs  is  fixed.  Since  defined 
critical  magnitude  of  contact  pressure,  various  for 
different  structures  of  polymer- abrasive 
composites,  on  the  rentgenograms  vanishing  of 
lines  of  alkaline  feldspars  (fig.  1 )  is  observed.  Thus, 
according  to  datum  of  X-ray  spectral 
microanalysis,  the  chemical  composition  of  surface 
layer  of  granites  during  finishing  machining  docs 
not  vary. 

Hence,  as  a  result  of  shift  strains  in 
contact  zone,  explicatings  on  a  phone  of  physico¬ 
chemical  interaction  with  components  of  polymer- 


abrasive  composites,  in  a  surface  layers  of  granites 
are  formed  new,  amorphous  phases.  The  IR-spectra 
of  these  phases  in  surface  layers  of  a  treated 
granite  differ  from  spectra  of  crystalline  alkaline 
feldspars  by  smaller  intensity  of  bands  of  an 
absorption,  that  confirms  the  supposition  about 
their  amorphous  structure. 

1  2 


1  -  Si02 


18,0  20,0  22,0  24.0  26.0  28,0  30.0  32,0 
2TeTa  Cu 
a 

1 


19.8  21.0  22.2  23.4  24.6  25.8  27.0  28.2 
2Teia  Cu 
b 

Fig.  1  Rentgenogrcime  of  granite  of  Kapustynske 
deposit  (a)  and  its  surface  layer,  obtained  after 
finishing  machining  (b) 
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They  practically  are  similar  to  IR-spectra  of  an 
absorption  of  glasses  of  the  appropriate  structure. 
Nevertheless,  the  found  out  new  phases  differ  on  a 
structure  from  glasses  having  the  relevant 
composition.  The  essential  difference  of  their 
luminescent  spectra  confirms  it.  Besides  the 
features  of  small-angle  X-ray  dispersion  for 
detected  amorphous  phases  allow  to  assume 
presence  in  their  structure  of  a  great  many  of 
vacuities  by  the  size  about  tens  nanometres, 
absolutely  not  characteristic  for  customary  glasses. 

Thus,  the  new  amorphous  phases  incipient  in 
surface  layers  of  granites  during  a  finish  machining 
are  detected.  On  composition  they  are  similar  to 
initial  crystalline  minerals  -  feldspars,  but  on 
structure  essentially  differ  both  from  them,  and 
from  glasses  obtained  by  fusion  of  the  relevant 
oxides. 

The  major  interest  represents  the  mechanism 
of  an  appearance,  detected  by  us,  amorphysation  of 
surface  layers  of  a  natural  stone  during  dynamic 
contact  with  abrasive  composites.  At  present  time 
we  spend  intensive  researches  in  this  field. 
Nevertheless,  already  now  it  is  possible  to  state, 
that  the  formation  of  amorphous  layers  of  silicate 
and  silica-alumina  minerals  during  their  finishing 
grinding  is  stipulated  by  intensive  plastic 
deforming  of  their  structure  as  a  result  of  contact 
interaction  with  polymeric  composites.  The 


spectrums  of  relaxation  times  describing  molecular 
mobility  in  surface  layers  of  used  polymeric 
composites,  on  the  one  hand,  and  in  surface  layers 
of  explored  granites,  to  another  were  compared. 
Thus  was  clarified,  that  an  obligatory  requirement 
of  intensive  distorting  action  of  a  polymeric 
composite  on  a  surface  of  granite  is  the  presence  at 
its  structure  of  some  share  of  kinetic  devices 
possessing  smaller  molecular  mobility,  than 
silicon-oxygen  tetrahedrons  of  surface  layers  of 
silica-alumina  rock. 

The  obtained  results  allow  to  state,  that  the 
registration  of  a  relation  of  their  hardnesses  in 
traditional  understanding  of  this  property  is 
unsufficient  for  exposition  of  contact  interaction  of 
materials  of  a  different  physicochemical  nature. 
For  exposition  of  contact  interactions  it  would  be 
interesting  to  enter  and  to  justify  concept  of 
dynamic  hardness  or  relative  dynamic  hardness  of 
materials,  founded  on  the  registration  of  molecular 
mobility  of  kinetic  unites  of  their  surface  layers. 

Under  our  judgement,  the  account  of 
spectra  of  times  of  a  relaxation  of  a  contact  pair  of 
materials  opens  prospect  of  more  deep 
understanding  of  the  mechanism  of  plastic 
deforming  of  a  treated  surface  in  process  of 
polishing  and,  accordingly,  creates  a  possibility  of 
a  significant  raise  of  effectiveness  of  finishing 
machining  of  a  natural  stone. 
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CALCULATION  OF  INTERNAL  STRESSES  IN  THE  COATINGS 
COHERENT  WITH  A  SUBSTRATE 
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The  life  time  and  performance  attributes  of 
functional  coatings  are  largely  determined  not  only 
by  their  composition,  structure,  adhesion  and 
cohesion  strength,  but  also  by  internal  stresses.  In 
addition,  information  on  the  magnitude  and  nature 
of  the  latter  is  important  both  in  terms  of 
forecasting  the  coating  properties  and  for 
optimising  the  conditions  of  their  formation. 

The  main  reason  for  development  of  internal 
stresses  is  mismatch  of  the  crystal  lattices  of  the 
phases  of  substrate  and  coating  in  the  plane  of 
their  coherent  conjugation.  Energy  of  the  strsses  is 
also  depending  on  the  coating  shape  and  volume 
[1,2].  Therefore,  the  problem  of  elasticity  of 
internal  stresses  of  the  substrate-coating  system  is 
rather  complex.  If,  however,  the  interface  is 
regarded  to  be  plane,  and  the  interface  length  is 
much  greater,  than  the  coating  thickness,  the 
problem  is  significantly  simplified  as  it  becomes 
one-dimensional.  The  problem  becomes  solvable  if 
we  further  neglect  the  difference  in  the  moduli  of 
elasticity  of  the  substrate  and  the  coating.  It  results 
from  that  the  stresses  will  only  depend  on  the 
interface  orientation,  as  well  as  on  the  so-called 

self-strain  £ ik  This  strain  is  determined  both  by 
the  difference  of  the  crystal  lattice  parameters  of 
the  undistorted  phases  of  the  substrate  and  the 
coating,  and  by  the  ratio  of  the  crystallographic 
orientations  of  the  planes,  conjugated  over  the 
interface. 

In  this  study,  proceeding  from  the  conditions  of 
[3]:  (i)  mechanical  equilibrium  on  a  plane 
interface,  (ii)  resultant  force  of  internal  stresses  in 
the  coating  and  the  substrate  being  equal  to  zero,  as 
well  as  (in)  equality  of  their  moduli  of  elasticity 
A .Mm,  the  internal  stresses  tensor  in  an  anisotropic 
single-crystal  coating,  coherent  with  the  substrate, 
has  been  derived  in  the  form: 

<4  =  4™  Mi,  (i) 

where 


~  ~  Aiklpni{na\pt/]nf}\  nr^lrmn  (2) 

is  a  certain  effective  tensor  of  the  moduli  of 
elasticity,  dependent  on  the  orientation  of  the 
interface  n.  Expression  (1)  is  valid  for  the  case, 
when  the  coating  thickness  is  much  smaller,  that 
that  of  the  substrate,  and  it  can  be  used  to  calculate 
the  stressed  states  of  the  coating  for  any  orientation 
of  the  interface,  as  well  as  any  crystal  lattices  of 
the  substrate  and  coating. 

Calculation  of  the  normal  (i  =  k )  and  tangential 
(i  *  k )  components  of  the  tensor  (1)  was  made  for 
the  case  of  an  elastically  isotropic  medium.  As  an 
example,  the  cubic  phase  with  lattice  parameter  a0 
for  the  substrate  and  the  tetragonal  phase  with 
lattice  parameters  a  and  c  for  the  coating  was 
considered.  In  the  case  of  coincidence  of  the 
principal  axes  of  self-strain  with  the  axes  of  the 

substrate  cubic  lattice,  tensor  efk  had  the  following 
form: 

~e  0  0  " 

4  =  0  e  0  ,  (3) 

0  0  -si 

where  s=  (a  -  a0)/a0,  £3=(c  -  a0)/a0.  For  this  case 
dependencies  of  the  components  of  tensor  (1)  on 
the  degree  of  tetragonality  of  self-strain  r  =  -s3/s 
were  derived  for  the  main  crystallographic 
orientations  of  the  interface.  Their  analysis  showed 
that  in  a  single-crystal  coating  a  uniaxial  stressed 
state  is  achievable  for  orientations  n=[100]  and 
[010]  (Fig. la)  at  r  =  v  ,  and  for  orientations 
ir=[101]  and  [Oil]  (Fig. lb)  at  r=  1  +  2v.  (Here,  v 
is  the  Poisson’s  ratio  taken  to  be  0.3  in 
calculations).  This  state  is  the  tensile  stress  (at  s  > 
0  )  of  magnitude  2G(1  +  v)s  that  is  equal  to  4.6 
GPa  in  the  case  of  values  of  shear  modulus  G  =  30 
GPa  and  e  -  0.05,  typical  for  metals.  All  the 
orientations,  corresponding  to  this  state,  at  the 
indicated  above  values  of  r  are  equilibrium  ones, 
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as  the  minimal  elastic  energy  E  =  G(  1  +  v)£ 
corresponds  to  these  orientations. 

With  greater  thickness  of  the  coating,  the  elastic 
energy  of  internal  stresses  increases,  and  this  may 
lead  to  formation  of  a  domain  structure,  as  this  is  a 


Fig.  1.  Dependencies  of  normal  ern  (1),  er22  (2),  033 
(3)  and  tangential  cr23  (4),  a13  (5),  an  (6) 
components  of  the  internal  stresses  tensor 
(normalized  by  G’s,  where  G'  =  2G/(1  -  vj)  for  a 
single-crystal  (a,  b)  and  polydomain  (c  )  coatings 
on  the  degree  of  tetragonality  of  self-strain  for 
different  orientations  of  the  interface. 


powerful  mechanism  for  relaxation  of  the  elastic 
stresses  field  [2].  Domains  may  be  the  twins, 
regions  of  different  concentration  of  the  alloying 
element  (decomposition  products)  or  various 
polymorphous  modifications  of  the  crystal  phase  of 
the  coating.  Coating  fragmentation  into  domains 
with  different  self-strain  may  lead  to  lowering  of 
internal  stresses  not  only  due  to  the  change  of 
orientation  of  the  interface  n,  but  also  due  to  the 
change  of  the  ratio  of  volume  fractions  of  domains 
a.  Parameter  a  can  vary  from  0  to  1 ;  single-crystal 
states  with  different  self-strains  correspond  to 
extreme  values  of  a. 

For  polydomain  state  the  self-strain  should  be 
regarded  as  the  average  strain.  For  instance,  for  a 
coating,  consisting  of  two  domains  with  tetragonal 

self-strains  4  and  cf  >  it wil1  be  e(lual  to: 


42(«)=(1-«)41+^42-  (4) 

Substitution  of  (4)  into  (1)  yielded  the  components 
of  the  tensor  of  internal  stresses  erf  for  a 
polydomain  coating.  Analysis  of  their 
dependencies  on  z  showed  that  the  coating 
fragmentation  into  domains  may  lead  to  a  complete 
disappearance  of  the  macroscopic  stresses  field  for 
orientations  n^llO]  and  [101]  (Fig.  lc)  at  r  =  2, 
as  well  as  for  n=[100]  at  r  =  1.  The  cause  for 
disappearance  of  internal  stresses  is  not  the 
avearsge  self-strain  tending  to  zero,  but  the  fact, 
thet  it  is  a  strain  with  invariant  plane  at  the  above  r 
values.  The  interface  is,  at  that,  an  invariant  plane. 
Growth  of  such  coatings  is  equilibrium. 

In  conclusion  it  should  stated  that  the  results, 
obtained  in  this  study  can  be  also  used  for  analysis 
of  the  stressed  state  of  platelike  precipitations  of 
phases  and  martensite  crystals,  in  which  the 
orientation  of  the  habit  plane  and  domain 
composition  deviate  from  the  equilibrium  values, 
for  instance,  at  martensite  phase  growth  in  the 
external  stress  field  [4], 
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THERMOMAGNETIC  ANALYSIS  OF  TRANSFORMATIONS  DURING 
THE  HEATING  OF  AMORPHOUS  FOILS  OF  THE  ALLOY  Fe8oSi6B14 


Gryhoryeva  O.V. 

National  Technical  University  of  Ukraine  “Kyiv  Polytechnic  Institute”,  Kyiv,  Ukraine 


The  research  of  phase  transformations  during 
the  heating  of  amorphous  alloys  is  one  of  the  most 
actual  problems  of  the  today’s  physics  of  the  solid 
state.  This  problem  is  actual  as  from  the  point  of 
view  of  physical  representation  and  also  in  the 
plane  of  possible  practical  applications. 

We  investigated  the  changes  of  magnetization 
during  the  heating  of  amorphous  alloys  Fe80Si6B14, 
expecting  to  receive  information  about  formation 
of  phases  in  process  of  crystallization  of  this  alloy, 
and  also  about  it  magnetic  properties.  However 
deriving  of  reliable  results  in  this  area  is  connected 
to  significant  difficulties  because  of  very  small  of 
registered  magnetic  effects.  We  have  made  an 
attempt  to  study  these  effects  during  phase 
transformation  in  amorphous  alloys  using  the 
differential  analysis.  This  method  was  found  to  be 
effective  in  studying  the  small  magnetic  effects  of 
phase  transformations  in  bulk  alloys  of  iron  [1]. 

The  method  of  the  differential  thermomagnetic 
analysis  with  use  of  two  etalon  of  armko-iron  was 
applied.  The  method  of  so-called  internal  etalon 
was  applied  also,  in  which  a  graduation  of 
registered  changes  of  magnetization  was  carried 
out  using  the  well-known  magnetic  effect  in  the 
Curie  point  of  carbide  of  iron  0-Fe3C  [2].  The  X- 
ray  researches  were  carried  out  using  standard 
difffactometry  (Fe-anode). 


The  thermomagnetic  curve  of  cyclic  heating  of 
the  alloy  Fe80Si6B14  is  shown  in  fig.  1  and  fig.  2.  In 
the  initial  state  the  alloy  was  in  amorphous  state. 
The  method  of  getting  the  data  of  magnetic 
parameters  of  amorphous  foils  is  described  by  us  in 
[3]. 

The  state  1-2-3  on  fig.  1  corresponds  to  the 
alloy  that  has  the  amorphous  structure.  The 
changes  of  magnetization  are  reversible  (the  part 
1-2  on  fig.  2)  if  the  temperature  of  heating  is  no 
more  than  470°C.  This  leads  to  conclusion  that 
Curie  temperature  of  the  amorphous  alloy  is  close 
to  410  -420°C. 


480 


360  i 


340-!- . :.... 4 . -I.  .... 


Fig.  1.  The  reversible  part  of  the  thermomagnetic 
curve  of  FeSoSi5B14 


20  120  220  320  420  520 
T,  °C 


Fig.  2.  The  full  curve  of  the  heating  and  cooling  of 
Fe80Si6Bi4. 

Beginning  from  the  temperature  of  480°C  the 
sharp  irreversible  increasing  of  the  magnetization 
of  the  alloy  is  registered  (the  part  2-3)  of  the 
thermomagnetic  curve,  fig.  2.  The  heating  to 
600°C  and  the  consequent  cooling  up  to  room 
temperature  has  shown,  that  the  irreversible 
increase  of  a  magnetization  registered  in  an 
interval  of  the  temperatures  480-500°C,  is  not 
exhibited  at  the  temperatures  close  to  room 
temperature.  The  difference  of  the  evidence  of  the 
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magnetometer  in  the  states  1  and  6  is  within  the 
limits  of  a  measurement  error. 

The  well-known  relations  of  the 
thermodynamical  theory  of  the  temperature 
dependence  of  the  spontaneous  magnetization  of  a 
fen-omagnetic  near  Curie  point  permit  to  estimate 
approximately  the  value  of  Curie  temperature  of 
amorphous  alloy  FegoSfrBn.  In  this  case  we  to  use 
the  corresponding  thermodynamic  coefficient.  This 
value  is  unknown  for  the  amorphous  alloy.  We 
calculated  the  principal  thermodynamic  coefficient 
for  pure  ferromagnetic  Fe,  Ni,  Co  and  for  phases 
0-Fe3C,  Fe4N,  Fe3B,  FeB,  Fe2B.  The  middle  value 
this  coefficient  was  used  for  estimating  Curie 
temperature  of  amorphous  alloy  FegoSigBM.  The 
value  we  got  (405  °C)  is  according  to  data 
published  very  reasonable  [4], 

The  increase  of  the  magnetization  of  the  alloy 
in  the  temperature  interval  480-500°C  is  the  result 
of  the  crystallization  of  amorphous  alloy 
FegoSifiB^. 

The  X-ray  analysis  carried  out  by  us  showed 
that  after  the  heating  to  500°C  the  alloy  contains  a- 
Fe  (strong  interferentional  lines)  and  borides  FeB 
and  Fe2B  (fig.  3). 


Fig.  3.  The  diffraction  X-ray  patterns  Fe80Si6Bi4. 

To  establish  the  nature  of  experimentally 
registered  irreversible  changes  of  magnetization 
consider  the  magnetic  moments  of  the  specimen  in 
the  states  2  and  5  (fig.  2). 


(-^0^0)2-  ^Fr^SiX*  (  1 ) 

In  (1)  aZs-l  >s  specific  magnetization  of 
the  amorphous  alloy,  MF^SkB^  is  the  mass  of  this 


phase. 

In  the  same  way: 

MjoKX  =  ^C)Ma+aFe_BMFe_B  (2) 


In  (2)  cr(am°C)  is  the  specific  magnetization  of 
Fea  at  the  temperature  480°C,  Ma  is  the  mass  of 
Fea  in  the  state  5.  The  value  aFe_B  and  M Fe  B 
have  the  same  sense  for  the  boride  phases. 

Forming  the  difference  A(l0V0)5  -  A(/0F0)2 

it’s  possible  to  receive  the  expression  that 
describes  the  magnetic  effect  of  the  crystallization 
of  the  amorphous  alloy: 

^25  Oj  C,Ma+<TFe-B^Fe-B  (3) 

A^c  ~  \5C-\Cr2  Me0<Je 

In  (3)  C  is  the  carbon  content  in  Fe-C  alloy 
that  is  used  as  the  etalon  in  the  differential  method 


of  thermomagnetic  analysis,  Me0  is  it’s  mass,  aB 
is  it’s  specific  magnetization. 

The  calculations  carried  out  by  using  (3) 
showed  that  the  specific  magnetization  of  Fe-B 
phase  in  the  amorphous  alloy  FegoSieB^  is  about 
208  units  (in  CGSE)  and  the  Curie  point  is  near  to 
410°C. 

The  method  of  analysis  of  magnetic  properties 
that  is  described  above  could  be  used  in  the 
investigation  of  thin  diffusional  layers, coatings  of 
different  nature,  zones  are  obtained  by  laser 
treatment,  thick  films  etc. 
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EFFECT  OF  POWDER  PARTICLES’  SIZE  DISPERSION  ON  SYNTERING 
KYNETICS  AND  STRUCTURAL  GENESIS  OF  A  SINTERED  POWDER 

BODY 

Nurkanov  E.Y..  Kadushnikov  R.M.,  Alievsky  V.M. 

Ural  State  Technical  University,  Ekaterinburg,  Russia 


Dispersion  characteristics  of  powders  are  the  key 
link  of  structure-geometric  sintering 
predefiniteness.  They  do  define  the  inclination  of 
the  sintered  powder  systems  towards  zonal 
segregation  or  coherent  sintering,  high  or  low 
speed  of  densification.  It  seems  important  to 
evaluate  the  effect  of  particles’  sizes  dispersion  on 
powder  system  sintering  quality  using  numeric 
methods.  For  computational  experiments  it  is 
offered  to  use  the  three-dimensional  structural- 
imitating  model  (TSI)  model  of  sintering  a 
powder  body  [1],  Physico-mathematical 
interpretation  of  TSI  model  looks  like  a  system  of 
Newton’s  motion  equations  for  spherical  particles: 

f-  v  -a?(v»  -/(k!k)sr(«i!) 

■  V  =  F‘-  -3-V-'J-- . S.  -aWv.  -/( r  iV  ) 

m,  R  SI  '  v  ijFjl 

r=^:3: 

‘  3 

here 

4 

m,=-xR,p,  r#=r,-ry,  v,  =v,.-v., 

g(x)=  /(-*)+  */'(■*) 

h-.  |rj  0,  dRi 

where  r,  -  coordinates  of  the  particles’  centers,  v; 

-  velocities  of  particles’  movement,  r0-  -  distance 
between  the  centers  of  incident  particles,  \0  - 
velocities  of  incident  particles  approach 
(withdrawal)  to  (from)  each  other,  R  -  particles’ 
radii,  p-  theoretical  density  of  a  material,  a  - 
weight  multiplier,  responsible  for  the  effect  of 
sintering  on  the  movement  of  particles  system,  E / 

-  area  of  projection  of  the  /- th  particle  occupied 
surface  *?,-  on  a  plane,  normal  to  r(  (n  -  unary 
vector  normal  to  the  surface),  S,-  -  free  surface 
area  Aof  the  /-th  particle,  j^ryl)  -  function, 
responsible  for  mass  transfer  mechanism  during 
the  pair  interaction  of  the  particles. 


The  sintering  quality  evaluation  was  performed 
for  powder  systems  with  various  dispersion 
characteristics  using  TSI  model.  Three  types  of 
spherical  particles  dense  packages  were  selected 
as  model  powder  systems:  monodisperse 
N(R=1,0;ct=0,0)  =  104,  with  normal  distribution  of 
particles  according  to  size  N(l,0;0,2)=  104,  and 
with  lognormal  distribution  of  particles  according 
to  size  N(  1 ,0;  lncr=0,3)  =  104,  where  N  is  the 
number  of  particles,  R  -  average  radius  of  the 
particles,  a  -  standard  deviation.  Diffusion- 
viscous  flow  mechanism  was  selected  as  a 
sintering  mechanism,  respectively 

-/[!rijl)-(l/irijl)3y/477.  Values  of  viscosity  77  and 
surface  tension  y  coefficients  were  assumed 
equal. 


p  0,64  1 - 


-*-i  2  — 0  3 

Fig.  1.  Time  dependency  of  relative  density  P  of 
spherical  particles  model  consolidating  systems; 
(1)  N(1,0;0,0)  =  104,  (2)N(1,0;0,2)  =  104,  (3) 
N(1,0;  lna=0,3)  =  104;  sintering  time  in 
computational  experiment  t=100[x10'2h]  is 
adequate  to  1  hour  duration  of  natural  sintering 

It  is  possible  to  judge  about  sintering  quality 
using  two  main  factors:  densification  speed  and 
density  characteristics  of  a  sintered  compact. 
Computational  experiment  did  demonstrate  that 
the  package  of  monodisperse  particles 
N(1,0;0,0)  =  104  possesses  the  largest 
densification  speed.  Less  values  of  densification 
speed  are  possessed  by  packages  with  normal 
N(l,0;0,2)  =  104  and  lognormal 

N(1,0;  lncr=0,3)  =  IO4  particles  distribution 
according  to  size.  Thus,  kinetic  curves  (see 
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Fig.  1.)  do  indicate  the  fact  that  particles’  size 
dispersion  lowers  densification  speed. 


Geometrical  density  and  porosity  factors  are 
called  density  characteristics.  Lognormal  particles 
distribution  by  size  N(1,0;  lncr=0,3)  =T04  did 
provide  the  largest  value  of  geometrical  density 
for  sintering  time  equal  to  x=150  [xlO  2hrs]  among 
three  examined  powder  systems  morphology 
types. 


Fig.  2.  Sections  of  sintered  compacts  composed  of 
spherical  particles: 

(a)  N(1,0;0,0)  =  104,  (c)  N(l,0;0,2)  =  104, 

(e)  N(1,0;  lna=0,3)  =  104;  pores  on  sections  are 
white-colored.  Distribution  of  porosity  n  along 
the  height  h  of  the  package: 

(b)  N(1,0;0,0)  =  104,  (d)  N(l,0;0,2)  =  104, 

(f)  N(1,0;  lnCT=0,3)  =  104 


Sintering  did  take  place  under  conditions  of  zonal 
segregation,  that  is  why  porosity  formation  should 
have  become  intergroup.  Indeed,  large  intergroup 
pores  did  really  form  in  a  monodisperse  package 
N(1,0;0,0)  =  104  and  in  a  package  with  normal 
particles  distribution  by  size  N(l,0;0,2)  =  104 
(Fig.  2.).  At  the  same  time  in  a 
N(1,0;  lncr=0,3)  =  104  sintered  package 
intergroup  pores  are  compatible  with  pores  inside 
the  groups  and  are  uniformly  distributed  across 
the  complete  volume,  i.e.  intergroup  porosity 
growth  was  suppressed  (Fig.  2.).  Therefore, 
consolidated  model  package  of  spherical  particles 
with  lognormal  particles  distribution  by  size 
N(1,0;  lncr=0,3)  =  104  does  possess  the  best 
porosity  characteristics  among  the  packages  with 
considered  dispersion  characteristics  types. 

The  results  obtained  demonstrate  fair 
congruence  with  experimental  data  and  serve  as  a 
proof  of  model  adequacy  [1]  for  sintering 
processes  in  real  powder  systems. 
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The  concept  of  ferroelasticity  in  a  general  massive 
of  phase  transformations  was  formulated  in  the 
work  [1],  Broad  theoretical  and  experimental 
analyses  of  such  materials  followed.  Now 
ferroactive  materials  are  used  more  widely. 

In  the  present  paper  a  statistics  theory  of 
deformation  ordering  crystals-elastics  with  the 
structure  G5,  of  boric  acid  H3B03  type  has  been 
worked  out  on  the  basis  of  molecular-kinetic 
concept.  Such  a  theory  for  crystals  with  the 
structure  H4  of  a  scheelite  CaW04  type  is  worked 
out  [2],  The  inside  configuration  energy  u, 
thermodynamical  probability  G,  free  energy  /  and 
thermodynamical  potential  \\i  of  the  system  in  the 
dependence  of  the  temperature  T,  the  degree  of  the 
deformation  order  r\  ,  energy  constants  w,  a,  the 
amount  of  outer  mechanical  oriented  stress  a  have 
been  calculated.  Equations  of  equilibrium  state 
have  been  obtained.  The  temperature  dependence 
on  the  deformation  order  parameter,  the  way 
mechanical  stress  r\(T,  a)  influences  the 
dependence  mentioned  have  been  determined.  The 
conditions  of  realizing  in  the  system  of  first-  and 
second-  kind  phase  transformation  from  para-  into 
ferro-elastic  state,  determining  energy  parameter  a, 
have  been  stated.  The  possibility  of  appearance  due 
to  the  outer  stress  of  non-disappearing  order  and 
the  possibility  of  order-order  phase  transition,  i.e. 
spasmodic  decreasing  or  increasing  the  order 
parameter  with  or  without  changing  its  sign,  has 
been  made  clear.  The  deformation  hysteresis  and 
the  dependence  of  the  order  parameter  on  the  outer 
stress  r](a)  pointing  of  the  first-kind  phase 
transition  from  para-  to  ferrophase  has  been 
studied.  The  possibility  of  appearing  one  or  two 
hysteresis  loops,  which  can  exist  in  a  definite  small 
temperature  interval  near  the  temperature  of  phase 
transition,  has  been  shown.  Configuration  heat 
capacity  C(T,  a)  in  the  vicinity  of  Curie  point  has 
been  calculated;  its  peek  type  temperature 
dependence  and  the  growth  of  the  heat  capacity 
jump  at  the  transition  order-disorder  due  to  the 
great  values  of  constant  a  has  been  stipulated.  The 


later  determines  quadratic  dependence  of  the 
ordering  energy  w  on  the  deformation  order 
parameter.  Functions  determining  temperature 
dependences  of  elastic  compliance  SfT,  rj)  and  the 
longitudinal  elasticity  modulus  E (T,  p)  in  ordered 
and  disordered  states  of  elastics  have  been 
calculated.  It  is  grounded  that  dependences  E(T)  at 
r|  =  0  are  linear  but  at  r\*  0  are  fractional  rational 
functions  of  the  temperature.  As  to  the  vicinity  of 
the  Curie  point,  the  validity  of  the  Curie-Weiss 
Law  and  the  rule  of  the  negative  deuce  is 
stipulated.  It  has  been  also  grounded  that  elastic 
compliance  S(7)  grows  unlimitedly  at  the  Curie 
point. 

The  type  of  the  discovered  regularities  should 
arrear  qualitatively  for  elastics  of  both  viewed  and 
other  structures.  Here  only  the  concrete  cases  of 
realizing  phase  transitions  of  the  first-kind  and  the 
second-kind  phase  transition,  values  of  residual 
deformation  and  coercive  form  in  the  deformation 
hysteresis,  the  height  of  the  peak  and  the  jump  of 
the  heat  capacity  at  the  Curie  point,  the  steepness 
of  the  curves  of  temperature  dependence  of  elastic 
compliance  and  the  elastic  modulus,  etc.  may  vary 
in  the  dependence  on  the  value  of  the  structure- 
energy  constant. 

All  the  functional  dependences  r)(T,  a),  r|(a),  C(r, 
a),  S(7j  r|),  E(T,  r|)  have  been  revealed 
experimentally  for  many  ferroelastics  and 
ferroelectrics  of  various  structures,  and  they 
correspond  to  the  results  of  other  theories  [2-5], 
That  is  why  we  can  hope  that  the  obtained 
theoretical  calculations  are  realistic. 

As  an  example,  Figures  1-3  show  the  dependence 
of  the  order  parameters  p,  and  rj2  in  sublattices  of 
the  crystals,  configuration  heat  capacity  C,  elastic 
compliance  S,  the  longitudinal  elastic  modulus  E 
on  the  temperature  T,  energy  constant  a  and  the 
amount  of  outer  of  mechanical  oriented  stress  a. 
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Fig.  1.  The  influence  of  the  outer  mechanical 
oriented  stress  on  the  temperature  dependence  of 
the  deformation  order  parameter.  The  diagrams 
above  the  abscissa  axis  determine  r)i;  and  those 
below  determine  r\2 •  The  dependence  rh(7),  r^T,) 
at  a-0  is  marked  by  the  dotted  line. 
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Fig.  3.  The  diagrams  of  the  elastic  compliance  S 
(solid  curve)  and  elastic  modulus  E  (dotted  curve) 
on  the  temperature.  Curves  1 
correspond  to  of  the  deformation  ordering  state 
(r|  0),  curves  2  —  to  disordered  state  (r|=0). 


Fig.  2.  The  diagrams  of  temperature  dependence  of 
the  configuration  heat  capacity  for  o=0  and 
different  values  of  the  energy  parameter  a. 
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DIFFUSION  WAY  OF  STRUCTURE  AND  PROPERTIES  FORMATION  IN 
Fe-BASED  ALLOYS  UNDER  DEFORMATION  EFFECT  AND  DOPING 

WITH  N  AND  C 


Demchenko  L.D. 

National  Technical  University  of  Ukraine  "KPI",  Kiev,  Ukraine 


The  improvement  of  mechanical  properties  of 
mechanisms  parts  and  instruments  is  an  important 
scientific  and  technical  problem  of  many 

researches.  One  strengthening  way  of  construction 
and  instrumental  steels  products  is  a 

surface/selective  processing  using  chemical  heat 

treatment,  in  particular,  nitriding  and 

carburization.  Advantages  of  such  treatment  are 
providing  high  hardness  and  strength  of 
surface/local  parts  under  conservation  of  product 
core  viscosity  that  promotes  exploitation  term 
increase.  The  rise  of  surface  layer  mechanical  and 
anticorrosive  properties  during  diffusion  saturation 
with  N/C  occurs  at  the  expense  of  nitride/carbide 
phases  formation  and  N/C  solution  in  basic  metal 
lattice. 

The  urgent  task  of  this  investigation  is  to  study  the 
deformation  and  doping  effect  on  Fe  nitriding 
process,  diffusion  layers  structure,  phase 
composition,  atom  distribution  and  properties. 

In  previous  investigations  [1-3]  it  was  established 
that  Fe-based  alloys  preliminary  plastic 
deformation  (PPD)  being  used  before  diffusion 
doping  with  N/C  under  certain  conditions  (the  best 
results  were  achieved  after  15-30  %  deformation) 
accelerated  nitriding/carburization  processes  and 
surface  diffusion  layers  formation,  and  increased 
these  layers  mechanical  properties.  Also  PPD 
affects  chemical  and  phase  composition,  final 
structure  and  properties  of  surface  diffusion  layer, 
and  phases’  formation  kinetics. 

The  work  aimed  to  investigate  the  influence  of 
PPD  within  the  range  of  compression  degree  0- 
70%  on  chemical  and  phase  composition,  structure 
and  mechanical  properties  (microhardness  and 
wear  resistance)  of  surface  diffusion  layers  formed 
in  Fe-Cr-Ti  alloys  containing  as  doping  elements 
0.5-2. 2  wt.  %  Cr  and  Ti  under  saturation  with  N/C 
from  gaseous  atmosphere  dissociated  ammonia 
(NH3)/propane-butane  (C3Ff8-C4Hio)  at  T  =  853  K. 
Iron  doping  with  titanium  well  known  as 
nitride/carbide-forming  element  increases  N/C 
solubility  in  a-phase,  nitride/carbide  phases,  can 
bring  to  titanium  special  nitrides/carbides  form  and 
dissolve  in  iron  nitrides/carbides  that  results  in 
considerable  increase  of  diffusion  layers 
mechanical  properties.  Moreover,  iron  doping  with 


chromium  increases  bond  energy  of  interstitial 
atoms  with  dislocations  that  can  increase  the  mass 
transfer  of  N/C  with  mobile  dislocations  by 
dislocation-dynamic  mechanism. 

As  a  result  of  microstructure  and  microhardness 
investigations  it  was  established  that  defonnation 
degree  rise  up  to  30  %  led  to  the  total  diffusion 
layer  and  surface  carbonitride  phase  layer 
thickness  increase,  as  well  as  to  surface  layers 
microhardness  rise  when  different  ammonia/ 
propane-butane  ratios  (from  100  %  NH3  to  100  % 
C3H8-C4FI,<,  in  step  10  %)  were  used.  The 
maximum  layer  thickness  rise  under  deformation 
effect  was  achieved  after  saturation  in  80-90% 
ammonia  and  10-20%  propane-butane 
environment:  the  total  layer  thickness  increased  1 .4 
times,  i.e.  from  140  pm  (in  undeformed 
specimens)  to  200  pm  (in  30  %  deformed 
specimens).  Microhardness  increased  from  14  GPa 
(in  undeformed  specimens)  to  16  GPa  (in 
deformed  with  30  %  specimens)  as  well. 
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The  results  of  wear  resistance  tests  obtained  by 
friction  method  showed  that  nitrogen  and  carbon 
ratio  in  saturating  environment  as  well  as  cold 
deformation  degree  affected  wear  resistance  of 
surface  diffusion  layers.  Diffusion  layers  wear 
resistance  increased  with  the  raise  of  propane- 
butane  content  in  saturating  environment.  The  best 
characteristics  of  wear  resistance  were  acquired 
after  20-30  %  deformation  and  further  saturation  in 
80-90%  ammonia  and  10-20%  propane-butane. 
Thus,  the  optimal  combination  of  surface  diffusion 
layers  performance  attributes  was  achieved  after 
doping  of  20-30  %  deformed  Fe-Cr-Ti  alloys  with 
N  and  C  in  80-90%  ammonia  and  10-20% 
propane-butane  environment. 
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The  (N+C)  concentration  distribution  in  diffusion 
layer  depends  on  specimens’  deformation  degree. 
With  deformation  degree  increase  up  to  30  %  the 
(N+C)  penetration  depth  increased  1.5  -  1.6  times 
as  compared  with  recrystallized  specimens. 


X-ray  investigations  of  surface  diffusion  layers 
phase  composition  showed  that  cold  deformation 
affected  phase  formation  in  surface  layers  during 
Fe-Cr-Ti  alloys  doping  with  N/C.  According  to 
microstructure  and  XRDA  data  the  surface 
diffusion  layer  depending  on  ammonia  and 
propane-butane  quantitative  ratio  in  saturating 
environment  consisted  of: 

■  a  thin  surface  layer  of  e  -  phase  with  hep  lattice 
of  Fe2-3N  type  (under  saturation  in  100  % 
ammonia)  or  6  -  phase  with  orthorhombic  lattice 
isostructural  to  cementite  (Fe3C)  crystal  lattice 
(under  saturation  in  ammonia  with  the  addition 
of  10  or  more  vol.  %  of  propane-butane)  and 

■  a  layer  of  nitrogen  and  carbon  solid  solution  in 
a-phase  alloyed  by  Cr  and  Ti  with  bcc  lattice. 

The  0  -phase  formation  occurred  both  in  deformed 
and  undeformed  Fe-2.2%Cr-2.2%Ti  specimens 
under  saturation  with  N  and  C  in  presence  of  10  or 
more  vol.  %  of  propane -butane  in  mixture  with 
ammonia. 

Deformation  affected  the  phase  composition  of 
diffusion  layers  formed  under  saturation  of  Fe- 
1.3%Cr-0.6%Ti  specimens  by  N  and  C  in 
ammonia  environment  with  addition  of  10  vol.%  of 
propane-butane.  It  led  to  the  0  -phase  formation  in 
surface  layers  after  deformation  within  the  range  of 
25-30  %  degrees.  The  s  -phase  was  formed  in  this 
environment  after  deformation  out  of  25-30%.  The 
diffusion  layers  containing  #-phase  showed 
maximum  microhardness,  wear  resistance  and 
layer  thickness. 

Furthermore,  deformation  accelerates  diffusion 
layer  formation  and  changes  its  growth  kinetics. 
Analysis  of  layer  growth  kinetics  showed  that  the 
diffusion  layer  and  8-  and  6-phases  layer  formation 
in  deformed  alloys  (as  compared  with  undeformed 
ones)  proceeds  in  two  stages.  On  the  first  stage  (up 
to  2  hours)  the  rate  of  these  layers  growth  is  1 .5- 
2.5  times  greater  than  on  the  second  one.  The 


maximum  these  layers  growth  rate  in  deformed 
alloys  on  the  first  saturation  stage  is  observed  after 
20-25%  deformation,  and  on  the  second  stage  - 
after  10-15%  one. 

The  reasons  of  surface  layer  mechanical  properties 
rise,  phase  formation  change  and  interstitial  atoms 
mass  transfer  increase  in  deformed  Fe-Cr-Ti  alloys 
as  compared  with  undeformed  lie  in  structures 
distinctions  of  deformed  and  recrystallized  metal. 
As  a  consequence  of  deformation  increase  the 
dislocations  density  rises.  When  certain  (15-30%) 
deformation  conditions  occur  the  most  mobile 
dislocations  number  is  generated.  So,  in  deformed 
material  there  arise  conditions  under  which 
accelerated  N/C  transport  is  possible  by  diffusion 
mechanisms  different  from  interstitial  ones.  The 
interstitial  atoms  (N  and  C)  are  known  to  dissolve 
on  dislocation  with  Cottrell  atmospheres  formation 
increasing  N  and  C  solubility  in  a-phase.  Formed 
in  such  a  way  dislocations  complexes  with  the 
interstitials  atoms  can  be  thermally  activated,  can 
move  under  the  internal  stress  influence  caused  by 
N  and  C  diffusion  in  surface  layers  and  transport 
the  interstitials  atoms  on  dislocation-dynamic 
mechanism  [4,  5]. 


X-ray  investigations  of  surface  layers'  structure 
after  different  deformation  showed  that  integral 
width  of  (3 10)KOci  diffraction  line  increased  with 
deformation  degree  rise  up  to  1 0-20%  that  could  be 
caused  by  increase  of  dislocations  density  and 
mobile  dislocations  number.  Macro-strain 
investigations  on  specimens  surface  testified  to 
compression  stress  rise  in  surface  layers  of 
deformed  alloys  that  could  cause  ascending 
diffusion  of  interstitial  atoms  (N/C)  at  the 
beginning  of  diffusion  process  as  well. 
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The  interest  in  transition  metal  hydrides  is  due  not 
only  to  their  extensive  use  in  engineering  and 
energetic,  but  also  to  the  possibility  of  application 
of  this  class  of  compounds  in  solving  some 
fundamental  physical  problems.  In  the  latter  case 
two  aspects  can  be  distinguished.  On  the  one 
hand,  hydrogen  may  serve  as  a  doping  element 
allowing  smooth  (sometimes  reversible)  changes 
in  the  properties  of  the  metallic  matrix.  On  the 
other  hand,  hydrogen  atoms  forming  an  intrinsic 
subsystem  interact  strongly  with  each  other  and 
this  may  give  rise  to  various  phase  transitions.  In 
addition,  hydrogen  atoms  in  metals  have  a  very 
high  diffusion  mobility.  Sometimes  the  hydrogen 
sublattice  may  exhibit  distinctive  quantum 
properties  even  at  room  temperature.  At  the  same 
time  many  (including  electronic)  characteristics  of 
hydrides  have  been  poorly  studied  hitherto. 

It  was  suggested  earlier  that  three  phase 
transitions  may  take  place  in  the  hydrogen 
sublattice  of  the  cubic  5-ZrHx  (x<2).  Not  long  ago 
stoichiometric  cubic  zirconium  dihydride  has  been 
synthesized.  NMR  1H  spectra  were  obtained  and 
the  time  of  proton  spin-lattice  relaxations  was 
measured  for  this  compound.  Thermally  activated 
hydrogen  diffusion  was  observed  at  temperatures 
above  290  K.  In  the  region  of  230  K  there  occurs 
a  reversible  phase  transition  caused  by  a  variation 
in  the  state  of  hydrogen.  This  transition  is  detected 
by  a  temperature-dependent  behavior  of  the 
Knight  shift  and  the  relaxation  characteristics.  The 
Knight  shift  in  electronic  conductors  is 
proportional  to  the  spin  density  on  resonating 
nuclei.  In  view  thereof,  the  variation  in  the  spin 
density  on  hydrogen  nuclei  in  zirconium  hydride 
may  be  brought  about  both  by  the  redistribution  of 
electronic  density  due  to  chemical  bonding  effects 
and  the  polarization  of  electronic  density  on 
hydrogen  atoms  by  conduction  electrons  from 
zirconium  atoms. 


calculation  of  polarization  by  conduction 
electrons  calls  for  new  computational  techniques. 
In  this  work,  the  non-empirica!  discrete  variation 
Xa  method  was  used  to  calculate  superfine 
magnetic  fields  BFc  generated  on  hydrogen  atoms 
by  a  zirconium  atom  in  the  model  cluster  [ZrH8] 
for  the  cubic  phase  of  ZrH2.  A  specific  feature  of 
the  calculation  is  the  application  of  the  neutral 
cluster  approximation,  which  implies  that  atoms 
constituting  a  cluster  are  considered  primarily  in 
the  neutral  state.  Subsequently,  chemical 
interatomic  coupling  results  in  the  redistribution 
of  electronic  density.  This  leads  to  a  variation  in 
orbital  and  spin  populations  of  atomic  orbitals. 
The  self-consistent  spin-polarized  calculation 
yields  the  following  populations  of  atomic  orbitals 
of  hydrogen  atoms: 


AO 

N  (spin  up),  e 

N  (spin  down),  e 

Is 

0,7053 

0,4001 

2s 

0,0115 

0,0085 

The 

Fermi-contacting 

contribution  to  the 

superfine  magnetic  field  on  hydrogen  atom 
nucleus  performed  after  the  technique  developed 
by  the  authors  gives  the  following  contributions 
from  His-  and  H2s-AO: 

BFc  (Is)  5,17  T 
BFc  (2s)  0,01  T 

To  perfect  the  computational  technique  of  the 
Knight  shift  in  zirconium  hydrides  in  terms  of  the 
employed  method,  it  is  necessary  to  assume  the 
possibility  of  freezing  Zr(ls-4p)-AOs.  The  effect 
of  cluster  dimensions  on  the  calculated  values 
should  be  also  considered. 

This  work  was  supported  by  the  Russian 
Foundation  for  Basic  Research  (project  Ne  02-03- 
32979). 


The  polarization  of  closed  shells  by  intrinsic 
(localized)  unpaired  electrons  can  be  calculated  by 
quantum  chemical  methods.  However  the 
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TECHNIQUE  OF  PARAMETR’S  DEFINITION  OF  DYNAMIC  PHASE 

TRANSITIONS  IN  METALS 


IJsherenko  S.M.,  Ovchinnikov  Y.I.,  Koval  O.I. 

Research  Institute  of  Impulse  Processes,  Minsk,  Belarus 


Introduction  Spreading  of  shock  waves  on  a  firm 
metal  body  is  accompanied  by  the  polymorphic 
transitions  changing  its  structure.  Till  present  time 
polymorphic  transitions  under  influence  of 
pressure  are  found  in  many  metals  (iron,  thallium, 
tin,  the  titan,  bismuth  etc.),  semiconductors, 
oxides  and  practically  in  all  minerals  and  rocks. 
Cottrel  assumed  that  besides  intervention  of  the 
liquid  phase  (i.e.  fusion),  polymorphism  should  be 
a  rule  for  all  metals  because  the  phase  which  is 
stable  at  0  °Kwill  become  less  stable  at  higher 
temperatures.  Certainly,  there  are  some  exceptions 
this  rule,  however,  for  the  majority  of 
experimentally  investigated  metals  this  idea  is 
correct. 

Proceeding  of  the  phase  transition  in  conditions  of 
dynamic  loading  and  unloadings  facilitates  the 
occurrence  of  the  new  condition  of  the  substance 
[1]  representing  metastable  phase  in  which 
transformation  develops,  inhibited  at  a  stage  of 
loss  of  connections  between  atoms. 

Authors  of  the  given  work  did  the  analysis 
oftheoretical  and  experimental  data  on  dynamic 
phase  transitions  in  the  metals.  This  analysis 
allows  to  draw  a  conclusion  about  proceeding  of 
dynamic  phase  transition  during  loading  time  in 
copper  and  other  metals  in  whichphase 
transformations  were  not  observed  in  firm 
condition  at  pressure  1  athm. 

The  purpose  of  the  work  is  a  technique 
developmentof  parameter’s  definitionof  the 
dynamic  phase  transitions,  based  on  the 
connection  betweenthe  structure  of  the  material 
formed  in  loading  processby stream  of  high-speed 
particlesand  pressure  of  thephase  transition 
initiation. 

Statement  of  theexperiment.  Objects  of 
theresearch  were  cylindrical  samples  from  steel 
45,  copper,  titan,  subjected  triple  processing  by 
powder  SiC  of  fraction  63-70  microns,  weight 
80g,  with  speed  700  M/sec  under  the  standard 
circuit  [2],  Microstructure  of  thesamples  was 
investigated  with  the  help  of  an  electronic 
microscope  "  Scan  -  Met  "  and 


metallographicoptical  microscope  "  Metam  PB- 
21". 

Results  of  the  experiment  anddiscussion  of 
them. 

Discussion  of  the  results  of  the  research  on 
forming  the  material  structure  in  conditions  of 
dynamic  loading  is  in  the  work  of  S.  I.  IJsherenko, 
V.  I.  Zeldovich,  I.  V.  Homskaya,  V.  I. 
Ovchinnikov,  O.  I.  Koval  “Forming  of  composite 
metal  materials  in  conditions  of  shock-wave 
loading’. 

In  the  examined  loading  conditions  the  stream  of 
the  powder  particles  accelerated  by  explosion  will 
penetrate  into  metal  barrier  on  depth  of  60-200 
mm  and  at  the  same  time  in  the  volume  of  steel 
there  are  some  zones  which  come  out  due  to  a 
difference  in  structure  of  zones  and  the  basic 
material  of  the  barrier.  The  data  on  change  of  the 
microstructure  of  the  work  materials  in  depth  is 
received  during  the  research.  The  density  of  the 
registered  defects  after  processing  and  their 
diameter:  steel  45  -  d=5,44mkm,  p=299mm'2, 
copper  d=0,74  mkm,  p=9048mm 2,  titan 
d=l,90mkm,  p=1217mm'2,is  taken  as  an  estimated 
parameter  of  efficiency  of  superdeep  penetration 
process(SPP). 

Influence  of  shock  waves  on  copper  does  not 
result  fixing  "break"  on  shock  adiabatic  curve  , 
however,  in  structure  there  are  some  defects 
connected  to  reverse  transformation,  on  structure 
similar  to  defects  from  HaKJiena.  Such  a  kind  of 
phase  transition  should  be  accompanied  by 
volume  increase  of  a  new  phase.  The  theoretical 
calculations  that  are  based  on  experimental  data  in 
residual  change  of  copper  microstructure  of 
sample  after  dynamic  loading,  allow  to  claim,  that 
at  the  moment  of  dynamic  loading  (400*  10'3sec) 
material  in  narrow  local  zones  of  defects  - 
channels  where  shock  energy  localization  is 
observed,  exists  in  condition  of  plasma.  The 
analysis  of  the  received  results  allows  to  draw  a 
conclusion,  that  dynamic  phase  transition  in 
copper  is  convertible  and  a  phase  of  high  pressure 
after  removal  of  loading  are  not  remained. 
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At  calculation  of  pressure  of  phase  transition 
initiationin  copper,  authors  of  the  given  work  as 
basic  modelling  representations  about  causality 
SPP  accepted: 

1.  Parameters  of  dynamic  phase  transitions  may 
be  defined  on  material  ofbarrier  changes. 

2.  Processof  superdeep  loading  of  particles 
inbarrier  occurs  in  zones  where  due 
tosuperexposition  of  fields  of  pressure  conditions 
sufficient  for  course  of  phase  transition  are 
created. 

3.  Change  of  the  material  microstructure  formed 
at  dynamic  loading  occurs  at  the  pressure  that 
isnecessary  for  the  beginning  of  phase  transition. 

4.  Formation  of  a  new  superplastic  condition  of 
material  as  a  result  of  dynamic  loading  is  made 
only  due  to  energy'  of  a  stream  of  particles. 

Shock  adiabatic  curve  for  iron,  determining 
dependence  of  specific  volume  on  shock  pressure, 
tests  a  break  in  an  interval  of  pressure  12-20  GPa 
and  298  °K.  This  break  arises  due  to  a  sharp 
change  of  compressibility  or  specific  volume  and 
because  of  transition  from  lattice  of  □  -  phase 
tolattice  of  -  phase.  It  is  shown  in  [3],  that 
appreciable  change  of  microstructure  in  iron 
occurs  if  shock  pressure  exceeds  pressure  of 
transition. 

Calculation  of  pressure  of  phase  transition 
initiation  in  copper  in  the  given  work  is  based  on 
the  assumption,  that  the  ration  of  volume  size 
ofchanged  microstructure  (  defective  zone)  zone 
to  volume  of  a  zone  npeTepneBinefi  phase 
transformation  is  a  constant  for  all  the  metals 
under  identical  conditions  of  processing 
(VdFe/VzFe  =  VdCu  /  VdCu  =  Const) 

Vd  =  n  d2/4  p  Vo.  (1) 

On  the  basis  of  the  considered  features  of  channel 
-crater  formation  in  [2]  it  is  established  that  the 
specificity  of  crater  creation  consists  in  the 
character  of  energy  redistribution  of  shock  stream 
with  a  barrier  in  channels  zones  .  Total  value  of 
the  energy  that  is  generated  at  impact  of  a  clot  of 
microparticles  with  barrier  at  triple  processing 
makes: 

E  =  3  mv  2J2  (2) 


Pressure  of  initiation  of  phase  transition  is  defined 
by: 

P  =  A/Vz  (3) 

As  for  iron  it  is  established,  that  pressure  of  phase 
transition  makes  12  GPa,  it  is  possible  to  calculate 
volume  of  transformation  zone  .  Calculation  of 
pressure  of  the  phase  transition  initiation  in 
copper  gives  value  18,9  GPa.  For  reliability  check 
of  the  offered  technique  calculation  of  pressure  of 
phase  transition  initiation  in  titan  was  made. 

It  is  experimentally  established,  that  pressure  of 
phase  transition  in  titan  makes  17,5  GPa  [2],  and 
the  value  that  was  received  in  the  given  work  is 
19,6  GPa,  and  error  makes  12  %.  The  given 
interest  of  the  error  is  taken  into  account  at 
updating  calculations  of  pressure  of  dynamic 
phase  transition  in  copper  on  experimentally- 
analytical  technique. 

Conclusions  1)  In  the  given  work  the  hypothesis 
about  existence  of  dynamic  phase  transition  in 
copper  in  an  interval  of  pressure  17,0  -  18,9GPa 
[2]  was  put  forward  and  theoretically  proved. 
2)The  experimentally-analytical  technique  of 
pressure  definitionof  dynamic  phase  transition  in 
metals  was  offered. 

The  list  of  designations:  Vd  -  volume  of 
defective  zone;  d  -  diameter  of  defect;  .'  -  density 
of  defects;  Vo-  volume  of  sample;  E  -  the  energy 
generated  at  impact  of  microparticles  clot 
withbarrier;  m  -  weight  of  particles’  clot;  v  -  speed 
of  particles’  clot;  P  -  pressure  of  phase  transition 
initiation  ;  Vz-  volume  of  phase  transformation 
zone. 
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I.  FUNDAMENTAL  PROBLEMS  OF  MATERIALS  SCIENCE 


CALCULATION  OF  FORCE  OF  INTERPLANE  INTERACTIONS  AND  STRENGTH 
CHARACTERISTICS  OF  TITANIUM  AND  CERAMIC  MATERIALS  AT  HIGH  RATE 

LOADING 


Zakarian  DA.,  Kartuzov  V.V. 

Frantsevich  Institute  of  Problems  of  Materials  Science,  NAS  of  Ukraine,  Kyiv 


Forces  of  interaction  among  atomic 
planes  (at  shear  or  tension)  play  the  important 
role  for  accurate  solution  to  a  problem  of  mate¬ 
rials  deformation  and  fracture. 

The  primary  goal  of  this  investigation, 
considering  hexagonal  highly  densed  structure 
of  titanium  and  cubic  modifications  of  ceramic 
materials,  is  to  simulate  these  forces  and  to 
calculate  materials  mechanical  characteristics 
at  high  rate  loading. 

Materials  strength  characteristics  and 
(at  high  rate  shock  deformations,  high  tem¬ 
peratures,  etc.)  resistance  of  those  materials 
against  extreme  conditions  are  usually  esti¬ 
mated  on  the  basis  of  calculation  of  ideal 
strength  of  materials  with  defect  free  and  ideal 
structure. 

To  describe  interatomic  interactions 
the  method  of  none  local  pseudo-potential  was 
employed. 

At  deformation,  because  of  anisotropy, 
a  crystal  is  more  easily  deformed  on  some 
crystallographic  directions.  To  shear  are  much 
easy  exposed  highly  densed  atomic  planes.  To 
tensile  a  crystal  is  easier  on  a  direction  perpen¬ 
dicularly  to  highly  densed  planes.  Therefore 
we  carried  out  calculations  for  titanium  who  is 
one  of  the  important  constructional  materials  to 
protect  against  high  rate  loadings.  Titanium  is 
a  laminated  material,  which  layers  (basic 
planes)  are  densely  packed.  Thus,  characteris¬ 
tic  types  of  deformations  appearing  in  these 
materials  at  loading  are  shear  of  densely 
packed  planes  or  tension  (compression)  on  a 
direction  perpendicular  to  basic  planes. 

Used  interatomic  potentials  are  built 
under  the  following  scheme:  characteristic 
function  of  zoned  structure  is  introduced,  this 
function  together  with  a  potential  of  direct  in¬ 
teraction  describes  total  effective  interaction 
among  ions,  when  summarizing  which  on  two 
parallel  densely  packed  layers  we  obtain  en¬ 
ergy  of  interaction  between  two  layers. 

Table  below  presents  the  obtained  re¬ 
sults. 


Table  Stress  cr  at  low  deformations  g33,  respec¬ 
tive  values  ofYoung’s  modulus  E ;  theoretical 
strength  crmax  (at  tension  and  compression). 


Tensor  of 
deformation 

8  33 

ten  =°); 

(g2 2  =°) 

Stresses 
<r  (GPa) 

Young’s 

modulus 

E  (GPa) 

0,0151008 

4,916 

323 

0,0201342 

6,52 

323 

0,0251677 

8,1437 

322 

0,0302013 

9,742 

323 

0,14 

G  max  =  39-6 

(tension) 

Ecp=  323 

-0,109 

=34,5 

(compression) 

Distinction  between  theoretically  calculated  and 
experimentally  obtained  values  of  materials  re¬ 
sistance  against  fracture  appears  because  of  the 
presence  of  microcracks  and  crack-like  defects. 
For  example,  if  introduce  a  microcrack  with  a 
length  It  =  0.2  mkm  it  would  be  enough  to  re¬ 
duce  a  to  lGPa. 

At  transition  from  FCC  lattice  to  hexago¬ 
nal  one,  the  structure  of  ceramic  materials  is  de¬ 
scribed  with  three-layer  alternation  of  planes 
(001)  like  aa'bb'cc'  where  a,  b,  c  consists  of  at¬ 
oms  of  one  grade  (B  or  Si),  and  planes  a',b',  c'  - 
from  atoms  of  other  grade  (N  or  C),  and  a  packing 
is  dense. 
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For  hexagonal  modification  coordi¬ 
nates  of  atoms  and  distances  among  highly 
densed  atomic  planes  are  calculated.  Calcula¬ 
tions  have  shown,  that  distances  between  two 

planes  making  a  layer,  are  d  =  y^c ,  where  c 

-  length  of  a  spatial  diagonal  of  a  cube  (for  cu¬ 
bic  modification).  Inside  a  layer  on  atomic 
planes  atoms  are  in  identical  positions,  and 
layers  are  displaced  from  each  other  on  a  vec¬ 
tor 

*  2  1 
?  =  3r‘  +  3ft' 

where  fa  and  tb  -  vectors  of  hexagonal  lat¬ 
tice  on  basic  plane.  The  distance  between  lay¬ 
ers  makes  Yy^c- 

To  build  matrix  elements  of  pseudo¬ 
potential  we  offer  the  following  technique. 

At  the  beginning  the  pseudo-potential 
of  separate  layer  consisting  of  two  atomic 
planes  where  the  first  plane  goes  through  the 
beginning  of  coordinates  and  the  second  -  is 

displaced  on  y^c  has  to  be  built. 

Results  summary  of  calculation  of 
force  of  interaction  of  atomic  planes  and 
strength  for  diamond  is  illustrated  in  Fig.  1 
and  2. 


F  (n) 


Fig.  1  Dependence  of  force  of  interaction 
among  basic  planes  versus  lattice  parameter  at 
compression  and  tension. 


a(Gpa 


Fig.  2  Dependence  of  strength  versus  lattice  pa¬ 
rameter  on  a  direction  [111]  at  compression  and 
tension. 

When  ci  =  7.98  (compression)  and 
02=8.95  (tension)  it  is  obvious,  that  function  (de¬ 
pendence  force  -  deformation  or  strength  -  de¬ 
formation)  has  points  of  inflection  where  deriva¬ 
tives  of  these  functions  change  a  sign.  Modules  of 
elasticity  are  defined  by  the  same  derivatives. 
Hence,  it  is  quite  possible  to  say,  that  at  these  val¬ 
ues  of  argument  -  the  system  is  not  that  stable. 
Thus,  these  values  of  strength  (a  =93GPa,  and 
o=28  GPa)  will  correspond  to  ideal  strength  of 
diamond  at  deformations  along  [111]. 

RESUME 

The  technique  developed  on  the  base  of 
none  local  pseudo-potential  enables  to  calculate 
at  hyper  velocity  impacts  the  forces  of  interaction 
among  the  deformed  atomic  planes. 

At  transition  of  cubic  structures  into  hex¬ 
agonal  one  the  layers  that  consist  of  two  atomic 
planes  on  which  atoms  are  in  identical  position 
are  formed,  and  layers  are  displaced  relative  each 
other. 

At  tension  and  compression  separate  lay¬ 
ers  are  deformed  much  easy.  Graphic  illustration 
of  dependence  of  force  of  interaction  from  lattice 
parameter  evidently  shows  at  what  values  of  de¬ 
formation  system  is  unstable. 
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A  NOVEL  BORON-BASED  SUPERHARD  MATERIAL  PRODUCED  AT 
HIGH  PRESSURES  AND  TEMPERATURES 

Shuizhenko  A. A..  Sokolov  A.N.,  Belyavina  N.N.(1),  Markiv  V.Ya.(1) 

V.N.  Bakul  Institute  for  Superhard  Materials  of  the  National  Academy  of  Sciences  of  Ukraine, 

Kiev,  Ukraine; 

(1)Taras  Shevchenko  Kiev  National  University,  Kiev,  Ukraine 


In  the  last  few  years  the  interest  of  researchers  in 
searching  for  novel  superhard  phases  has 
quickened.  This  is  attributable,  firstly,  to  the 
theoretical  generalization  of  the  accumulated 
experimental  data  on  the  relationship  between  the 
formation  of  structure  and  properties  of  materials 
produced  under  different  conditions,  including 
high  pressures  and  temperatures,  and  the 
prediction  on  this  basis  of  novel  phases  with  a 
unique  combination  of  physico-mechanical 
properties.  Secondly,  this  is  a  result  of  the 
development  of  novel  structural  materials  that 
require  specific  machining  processes,  which  can 
be  implemented  only  by  the  use  of  new  superhard 
materials. 

The  possibility  of  obtaining  a  novel  ceramic 
superhard  material  by  hot  pressing  has  been 
shown  by  the  AMES  Laboratory  (USA).  The 
chemical  composition  of  this  material  corresponds 
approximately  to  the  AlMgB]4  +  X  formula, 
where  X  is  BN,  AIN,  Si  and  some  other  additives, 
which  greatly  increase  the  material  hardness  [1]. 
The  production  technology  imposes  specific 
requirements  upon  the  particle  size  and  quality  of 
the  initial  materials  as  well  as  upon  protective 
medium.  Sintering  time  is  60  min.  Depending  on 
the  production  conditions  and  additives,  the 
resultant  material  hardness  ranges  from  35  to 
42  GPa. 

The  Institute  for  Superhard  Materials  of  the 
National  Academy  of  Sciences  of  Ukraine  has 
also  obtained  an  AlMgB14-based  superhard 
material  under  high  pressures  and  temperatures. 
The  material  is  characterized  by  an  orthorhombic 
structure  and  the  following  crystal  lattice 
parameters:  a  —  0.58368  nm,  b  =  0.81176  nm  and 
c=  1.03073  nni  [2]. 

The  use  of  high-pressure  technique  has  made  it 
possible  to  essentially  simplify  the  technologies  of 
preparation  of  the  initial  mixture  and  making  the 
material  as  well  as  to  intensify  the  synthesis 
process  (a  complete  cycle  of  synthesis  decreases 
several  times).  The  optimization  of  the  chemical 


composition  and  the  conditions  of  preparation  has 
allowed  stable-in-quality  samples  of  the  new 
superhard  material  to  be  obtained. 

The  results  of  our  investigations  into  peculiarities 
of  the  phase  formation  in  the  Al-B-C  system  over 
wide  ranges  of  pressures  and  temperatures  have 
allowed  us  to  define  the  conditions  of  production 
of  the  AlB40C4-based  superhard  material.  An  X- 
ray  spectrum  of  the  material  is  given  in  Fig.  1  and 
the  data  on  hardness  and  fracture  toughness  are 
given  in  Fig.  2  and  Table  1,  respectively,  in 
comparison  with  those  of  some  other  superhard 
materials. 


Fig.  1.  X-ray  spectrum  of  the  AlB40C4-based 
superhard  material. 


Table  1 .  Fracture  toughness  of  the  AlB40C4-based 
material  as  compared  with  that  of  other  superhard 
materials 


Material 

Fracture 
toughness, 
K,c,  MPa-M,/2 

References 

Synthetic 
diamond  crystals 

5,3  -  6,2 

[3] 

CBN  crystals 

3,5 

[4] 

AlB40C4-based 

material 

8,5 

Amborite  AMB90 

6,4 

[5] 

Meganite  MN- 1 00 

7,2 

[6] 

Kiborit  II 

10,5 

[7] 
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Fig.  2.  Hardness  of  the  new  material  as  compared 
with  that  of  other  superhard  materials. 

It  is  our  opinion  that  due  to  sufficiently  high 
physico-mechanical  characteristics,  tools  of  the 
new  material  can  be  competitive  in  performance 
with  cBN  tools. 
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THE  ROLE  OF  IMPURITY  STATE  IN  SILICON  CRYSTALS  AND  THEIR 
ELECTRONIC  EXCITATION  IN  THE  FORMATION  OF  MECHANIC-AND- 

PLASTIC  PROPERTIES 

Makara  V.A.,  Steblenko  L.P.,  Rudenko  O.V.,  Naumenko  S.M.,  Kravchenko  V.M. 

Taras  Shevchenko  Kyiv  National  University,  Kyiv,  Ukraine 


The  pace  of  progress  in  science  and  engineering 
is  to  a  great  extent  determined  by  a  successive 
development  of  semiconductor  materials  science 
a  principal  problem  of  which  is  the  study  of 
semiconductor  material  strength  and  plasticity 
and  thus  the  study  of  the  crystalline  structure 
imperfections. 

One  of  the  basic  crystals  used  in  semiconductor 
engineering  is  still  single-crystal  silicon.  In 
fabricating  semiconductor  structures,  silicon 
crystals  are  subject  to  various  types  of  treatment: 
mechanical,  chemical,  thermal,  etc.  Certain  stages 
of  fabrication  and  operation  of  silicon  structures 
are  accompanied  by  the  action  of  electronic 
excitation  caused  by  electric  current  flow  and  the 
action  of  various  physical  fields.  The  action  of  the 
mentioned  external  factors  may  result  in  the 
alteration  of  the  characteristics  of  inelastic 
deformation  and  in  the  evolution  of  both 
dislocation  structure  and  numerous  microdefects. 

The  problem  of  interaction  between  point  defects 
(impurity  atoms  and  their  complexes)  and  spatial 
defects  (dislocations)  is  of  increasing  interest  in 
doing  research  in  semiconductor  physics  and 
engineering.  This  is  due  to  the  fact  that  a  great 
number  of  the  possible  processes  of  interaction 
between  these  two  groups  of  defects  in  a  crystal 
determines  the  technological  properties  of 
semiconductors. 

The  urgency  of  the  outlined  scientific  problem 
prompted  us  to  carry  out  the  present  work.  The 
aim  of  our  studies  was  to  determine  the  role  of  an 
impurity  state  in  silicon  crystals  and  their 
electronic  excitation  in  the  formation  of 
microplastic  properties  (caused  by  dislocation 
mobility  characteristics)  and  mechanical 
properties  (dependent  on  microhardness). 

In  this  work  it  is  shown  both  experimentally  and 
theoretically  that  one  can  control  the  dislocation 
behavior  both  when  a  dislocation  is  in  an 


atmosphere  and  when  it  leaves  the  atmosphere  by 
means  of  various  types  of  treatment  of  silicon 
crystals:  high  temperature  treatment, 

metalization,  treatment  by  electric  current, 
magnetic  field  or  laser  radiation. 

According  to  our  model,  the  velocities  of  short 
near-surface  dislocations  in  an  atmosphere  ( Va ) 
and  beyond  it  (Vfy  a  )  are  related  by  the  formula 

V 

Vu  =—S~’ 
ba  NP 

where  N  is  the  maximum  number  of  interatomic 
distances  which  a  dislocation  overcomes  while 
moving  in  the  atmosphere  and  P  is  the  probability 
that  the  energy  of  a  double  kink  after  its 
formation  does  not  exceed  its  initial  value  on 
moving  from  an  initial  to  adjacent  valley  of  the 
Peierls  potential  landscape. 

The  obtained  formula  indicates  that  the 
dislocation  motion  velocity  after  leaving  the 
atmosphere  depends  on  the  velocity  in  the 
atmosphere  as  well  as  on  parameter  P.  The  latter 
is  determined  by  a  difference  of  defect 
concentrations  in  an  initial  and  adjacent  Peierls 
valleys  and  by  alteration  of  the  energy  of 
interaction  between  a  dislocation  and  point 
defects.  As  is  followed  from  the  above  formula 
and  the  results  of  our  experiments,  the  dislocation 
motion  velocity  beyond  the  atmosphere  correlates 
with  the  velocity  acquired  by  dislocations  in  the 
atmosphere. 

It  is  found  that  the  state  of  atmosphere  around  a 
short  dislocation  which  is  in  a  start  position 
determines  the  dislocation  dynamics  after  leaving 
the  atmosphere.  The  dislocation  "remembers" 
how  it  moved  in  the  atmosphere,  and  if  the 
atmosphere  slowed  it  down  (the  latter 
corresponds  to  a  great  delay  time  "at  the  start'), 
the  dislocation  will  move  slowly  even  after 
leaving  the  atmosphere. 
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In  an  actual  semiconducting  silicon  which 
contains  dislocations  there  occur  a  variety  of 
processes  that  to  some  extent  or  another  affect  all 
its  basic  properties,  mechanical  ones  in  particular. 

In  this  work  it  is  established  that  a  dislocation 
cannot  be  isolated  from  not  only  a  variety  of 
structural  defects  caused  by  thermal  fluctuations, 
various  kinds  of  treatment,  but  also  elementary 
excitations  of  electronic  subsystem.  It  is  shown 
that  the  processes  of  dislocation  mobility  in 
silicon  crystals  can  be  controlled  with  help  of 
electric  current  of  different  densities  and  physical 
fields. 

The  secondary  ion  mass-spectrometry  has  shown 
that  the  electronic  excitation  of  silicon  crystals 
with  dislocations  induces  low-temperature 
recombination-stimulated  diffusion  of  impurities, 
stimulates  their  recharging  and  intensifies  the 
gettenng  ability  of  the  surface,  slip  planes  and 
dislocations. 

As  a  result  of  the  studies,  it  was  found  that  a 
change  of  impurity  composition  of  the 
atmosphere  as  well  as  electronic  excitation  of 


silicon  crystals  lead  not  only  to  alteration  of 
dislocation  dynamic  behavior,  but  also  to 
alteration  of  microhardness  and  to  appearance  of 
electromechanical  effect,  which  turned  out  to  be  a 
near-surface  one. 

For  the  first  time  in.  this  work  carried  out  was  a 
comparative  analysis  of  microplastic  and 
micromechanical  properties  of  silicon  crystals  as 
well  as  an  analysis  of  how  these  properties 
change  under  different  kinds  of  treatment  of  Si 
crystals. 

It  is  shown  that  on  correct  interpretation  the 
indentor  tests  provide  an  express  information  on  a 
change  of  microhardness  and  its  relation  to 
dislocation  mobility  in  samples  with  different 
prehistory.  For  the  first  time  established  is  a 
correlation  between  the  microplastic  and 
micromechanical  parameters  of  silicon.  This 
correlation  makes  it  possible  to  develop  new 
methods  of  controlling  mechanical-and-plastic 
properties  of  silicon  and  eventually  to  fabricate 
new  constructional  materials  with  improved 
characteristics  and  parameters,  which  remains  to 
be  an  undoubtedly  urgent  problem. 
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INVESTIGATION  OF  HOT  STRETCHING  PROCESS  OF  THIN-WALLED 

TUBES  ON  CONIC  MANDRELS 

Petrosyan  G.L.,  Petrosyan  V.G.,  Hambardzumyan  A.F. 

State  Engineering  University  of  Armenia,  Yerevan,  Armenia 


The  problem  solved  on  the  basis  of  unmoment 
theory  of  rotation  shells  with  accounting  of  the 


On  the  Fig.  1  the  scheme  of  tube  stretching  and 
element  of  tube  at  the  stretching  process  shown. 


principal  stresses,  ^eq  -  equivalent  velocity  of 
deformation  of  creep,  ^2>  ^3  ~  velocities  of 
principal  deformations  of  creep,  w  -  porosity  of 
material,  0  =  dw/dt  -speed  of  material  s  porosity 
alteration,  t-time,  a  &  P-porosity  functions  of 
material.  Analysis  of  porosity  functions  shows, 
that  using  of  well-founded  and  comparatively 
simple  porosity  functions  (5)  suggested  by  V.V. 
Skorokhod  is  more  convenient.  This  functions 
have  the  following  shape  [2] 

“=2FAMl-0)3-  <5) 

By  the  reason  of  complexity  of  hot  stretchnig 
problem  solution  as  an  equation  of  state 
comparatively  simple  model  of  nonlinear-viscous 
body  [3]  chosen 

°eq  =  a'Cq  >  (6) 

where  a  and  m  -  coefficients  depending  on  type  of 
material  and  temperature  of  its  treatment. 


Fig.  1. 

On  Fig.  1  following  denotations  done:  rq  and  r  - 
initial  and  current  radius  of  tube  correspondingly, 
5-tube's  wall  thickness,  y  -  angle  between 
meridional  tangent  and  axis  of  tube,  pm  and  pv  - 
intensities  of  distributed  loads  on  meridional  and 
normal  directions  of  element  correspondingly,  am 
and  ae-meridional  and  circumferential  principal 
stresses. 

As  a  result  the  system  of  equations,  where  are 
three  differential  equations  obtained  for 
determination  of  tube's  meridional  stress  am, 
tube's  wall  thickness  5  and  material's  porosity  w 
on  all  the  length  of  sample's  deformation  zone 

n(l  -  2oc)[3am  +  Q(1  +  k)l+  kQ2 
2Q(l  +  a) 

dS_5  (2a-l)(3am +Q) 
dr  r  2Q(l  +  a) 


d(Tm 

dr 


Oml 


'  O’  m 


(7) 


(8) 
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(9) 


dw  _  1  3a(l  -  w^CTm  +  q) 
dr  r  Q(l  +  a) 
where  k=l+fictgcp  and  f  -  coefficient  of  contact 
friction  between  tube  and  mandrel, 


(l  -  2a)jm  +  Q 

oe  =  - -1 — 

2(l  +  a) 


CTeq  — 


4(l  +  a)(3  -  3(l  +  4a) 


\CTeq  j 


f  1 

\ 

/—Y-m  1 

-  w 

x(8)  | 

ll- 

-woJ 

ac<i  =aeq/a.  >CTm  ,ao  =a0/a,  8q- 

initial  value  of  tube's  wall  thickness,  wq  -  initial 
porosity  of  material,  po=l-wo  &  p=l-w  -initial  & 
current  density  of  material,  o,  =a^™, 
4.  =  uo  sin  cp/r0  . 

Comparison  of  obtained  final  theoretical  formulas 
of  hot  stretching  process  with  corresponding 
dependencies  of  cold  stretching  [4]  shows,  that  the 
main  difference  between  them  consists  in  specific 
peculiarities  of  using  different  equations  of  state. 
For  solution  of  the  problem  of  cold  stretching  it  is 
necessary  to  have  the  diagram  of  material 
deformation  &  know  level  of  its  deformation  on 
the  length  of  tube's  conic  part.  Revealing  of  these 
successfully  done  in  [4],  At  the  tube's  stretching  in 
hot  condition  main  role  plays  complex  enough 
defined  the  equivalent  velocity  of  deformation  of 
creep,  which  depends  on  all  the  initial  and  current 
parameters  of  technological  process:  radius  r, 
tube's  wall  thickness  5  and  density  of  material  p, 
speed  of  its  motion  on  the  entrance  of  mandrel  uq 
and  etc.  Despite  on  this  differences,  numerical 
solution  of  tube's  hot  stretching  process  brought  to 
the  method  [4] . 

For  obtaining  particular  data  of  the  hot  stretching 
process  the  method  of  numerical  integration 
algorithmized  in  [4]  used,  on  the  basis  of  which  in 
the  media  of  programming  package  "MATLAB" 
an  universal  computer  program  for  investigation  of 
tubes'  hot  stretching  processes  composed. 


All  the  main  components  of  stress-strain  state  of 
hot  deformed  tubes  for  different  values  of  material 
initial  porosity  defined. 


On  the  Fig. 2  diagrams  of  porosity  w  (1), 
dimensionless  values  of  tubes'  wall  thickness  5 

(2),  meridional  am(3)  and  circumferential  cre(4) 
stresses  alteration  depending  on  dimensionless 

radius  r ,  are  brought.  Continuous  lines 
corresponds  to  the  deformation  of  tubes  with  intial 
porosity  wqO.OI,  dashed  -  wq=0.2  for  y=14°,  f  = 
0.1,  m=0.143. 

As  we  can  see  from  the  Fig.  2,  porosity  of  material 
grows  and  wall  becomes  thinner.  Meridional 
stresses  during  hot  stretching  process  grow,  and 
increasing  of  initial  porosity  value  brings  to  lower 
forces  of  deformation  and  significantly  reduces 
circumferential  stresses. 
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THE  EFFECT  OF  TEMPERATURE,  PRESSURE,  AND  ADDITIONS  OF 
ALUMINUM  IN  SINTERING  OF  cBN  POWDERS  ON  THE  cBN— >hBN 

PHASE  TRANSFORMATION 

Shulzhenko  A.A.,  Bezhenar  M.P.,  Bozhko  S.A.,  Belyavina  N.M.(1),  Markiv  V.Ya.(1) 

V.N.  Bakul  Institute  for  Superhard  Materials  of  the  National  Academy  of  Sciences  of  Ukraine, 

Kiev,  Ukraine 

(1)Taras  Shevchenko  Kiev  National  University,  Kiev,  Ukraine 


In  a  complete  multifactorial  experiment,  we  have 
systematically  studied  the  cBN-hBN  phase 
transformation  in  sintering  of  cBN  submicron 
(KM  1/0)  and  close  to  them  in  dispersity  (KM  2/1 
and  KM  3/2)  powders  in  wide  ranges  of  p,T- 
parameters  of  sintering  with  and  without  addition 
of  aluminum  to  the  mixture.  Four  factors  were 
varied:  pressure  and  temperature  in  the  cBN 
thermodynamic  stability  region  (p  =  7.7  GPa,  T  - 
300,  1300,  1750,  2100,  2300  and  2700  K;  p  =  4.2 
GPa,  T=  300,  1300  and  1750  K;  p  =  2.5  GPa,  T  = 
300  and  1300  K);  dispersity  of  the  initial  cBN 
micron  powders  (Table  1);  additions  of  aluminum 
(0,  2  and  10  mass%).  The  impurity  composition 
being  (mass%):  C  0.3,  O  0.2,  Si  <  0.01,  Mg  <  0.03, 
Fe  <  0.01.  The  hBN  phase  was  not  been  revealed 
in  KM  2/1  and  KM  3/2,  while  in  KM  1/0  it  made 
up  about  1  mass%. 

Table  1 

Particle  Sizes  and  the  Specific  Surfaces  of  the 
Initial  Powders 


Powder 

Dmax 

pm 

Dmed 

jam 

Dmin 

pm 

a 

m2/cm3 

KM  1/0 

2,5 

0,6 

0,1 

12,2 

KM2/1 

3,0 

1,4 

0,8 

4,54 

KM3/2 

5,0 

2,3 

1,0 

2,75 

A1 

65,0 

25,0 

6,0 

0,285 

The  following  equipment  has  been  used  for 
sintering:  a  10-MN  press,  a  toroid-type  (recessed 
anvil)  high-pressure  apparatus,  a  graphite  heater. 
The  phase  composition  of  the  initial  powders  and 
as-sintered  polycrystals  has  been  studied  by  X-ray 
diffraction  analysis  using  the  computerized 
instrument  for  studying  polycrystalline  substances 
from  their  X-ray  diffraction  spectra,  which 
incorporates  a  DRON-3  diffractometer  (Cu-Ka 
radiation)  and  a  software.  The  procedure  of  phase 
analysis  has  included  the  calculation  of  the 
intensity  of  reflections  of  XRD  spectra  of  cBN  and 
hBN  as  well  as  the  use  of  the  reference  samples. 
The  hBN  percentage  has  been  found  corrected  for 


the  total  phase  composition  of  the  sample  [1].  The 
method  sensitivity  limit  is  0.5  mass%.  The 
experimental  results  have  been  processed  using 
methods  of  the  mathematical  statistics.  Depending 
on  the  number  of  varied  factors,  the  number  of 
samples  for  calculations  of  the  average  values 
ranged  from  3  to  27.  The  confidence  interval  was 
determined  with  the  confidence  probability  of  0.68. 

The  hBN  percentage  depending  on  the  sintering 
temperature  is  a  curve  with  a  maximum.  At  a 
pressure  of  7.7  GPa  the  maximum  shifts  to  the  high 
temperature  region.  (Fig.  1). 


hBN.  mass.% 


Fig.l.  cBN-to-hBN  transformation  vs.  p,  T 
parameters  of  sintering  at  2.5  (1),  4.2  (2)  and  7.7 
(3)  GPa. 

In  sintering  of  submicron  powders,  the  phase 
transition  is  more  intensive  at  the  initial  stage  (up 
to  1750  K)  and  terminates  earlier,  i.e.  at  a  lower 
temperature  in  a  subsequent  stage  (p  =  7.7  GPa,  T 
=  2100-2700  K)  (Fig.  2).  Addition  of  A1  to  the 
initial  mixture  hinders  the  cBN-hBN 
transformation  below  1750  K  and  intensifies  it  at 
temperatures  from  2100  to  2700  K  (Fig.  3). 

Our  experimental  data  on  the  effect  of  the  basic 
factors  (temperature  and  pressure)  on  the 
cBN->hBN  phase  transition  (see  Fig.  1)  do  not 
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contradict  the  known  ideas  of  the  equilibrium  line 
between  boron  nitride  polymorphous  modifications 
and  the  region  of  the  thermal  activation  of 
cBN— »hBN  and  hBN— »cBN  transformations 
according  to  the  Corrigan-Bundy  phase  diagram 
[2], 


hBN,  mass% 


Fig.2.  cBN-to-hBN  transformation  vs.  dispersity  of 
the  initial  cBN  powders:  1  -  KM  1/0,  2  -  KM  2/1, 
3  -  KM  3/2. 


Temperature.  K 

Fig. 3.  Effect  of  the  amount  of  the  A1  addition  to 
the  mixture  on  the  cBN-to-hBN  transformation:  1 
-  with  no  A1  addition,  2  -  2%  A1  and  3  -  10%  Al. 

The  nature  of  the  joint  influence  of  the  initial  cBN 
dispersion  (see  Fig.  2)  and  aluminum  additives  to 
the  mixture  (see  Fig.  3)  on  the  cBN-*hBN  phase 
transformation  at  the  early  stages  of  sintering 
(1300-1750  K)  indicates  that  the  transformation  is 
intensified  by  impurities,  which  are  adsorbed  by 
the  cBN  powder  surface,  and  that  during  the 
reaction  sintering  aluminum  interacts  with  the 
impurities.  A  high  reactivity  of  the  aluminum  melt 
with  respect  to  impurities  of  light  elements  (O,  C) 


has  been  the  first  factor  to  stabilize  the  cBN  phase 
in  our  experiments  [3],  The  second  factor  to  hinder 
the  cBN-hBN  transformation  lies  in  the  fact  that 
the  presence  of  the  liquid  phase  levels  the  gradients 
of  pressures  in  local  volumes  making  them  closer 
to  the  average  values.  Both  the  factors  are  better 
realized  with  an  increase  of  the  contact  area 
between  the  cBN  powder  and  Al  melt.  The  cBN  + 
Al  — >  AIN  +  AIB2  reaction  is  accompanied  by  the 
volume  and  thermal  effects  AV  +  -0.047  cm3/g  and 
AQ  =  +  2.48  kJ/g,  respectively.  In  a  similar  manner 
(with  volume  and  thermal  effects  to  -0.02  cm3/g 
and  to  +3  kJ/g,  respectively),  reactions  proceed  to 
form  A1B10,  A1B,2  higher  borides  and  A13B2C48, 
AI3C2B44  and  A1C4B24  ternary  phases.  As  the 
reactions  in  the  liquid  phase  end  and  go  to  the 
stage  of  the  solid-phase  reaction  (2100-2700  K), 
the  aluminum  nitride  content  increases  and  p,  T- 
conditions  in  the  local  volumes  become 
corresponding  to  the  thermodynamic  stability  of 
the  hBN  phase  (pressure  decreases  and  temperature 
increases).  In  the  initial  stage  of  sintering,  oxygen 
and  carbon  play  the  role  of  initiators  of  the  cBN- 
to-hBN  transformation,  while  at  the  final  stage  this 
role  is  evidently  played  by  AIN,  which  is  a  known 
initiator  of  cBN  synthesis. 
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THE  INFLUENCE  OF  BEND  -  TENSILE  STRAINING  PARAMETERS  ON 
THE  SUBSTRUCTURE  OF  COLD  ROLLED  SHEET  STEELS 
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The  investigation  were  carried  out  on  the  st 
08nc  and  st  20cn  low  carbon  steels  with  the 
thickness  of  0,4-0, 2  mm  after  cold  rolling  by 
20  -  60  %.  The  bend-tensile  straining  (BTS) 
was  carried  out  on  the  hydraulic  operated 
plant  with  reciprocate  movement  of  the 
deforming  stand  [1]. 

The  increase  in  amount  of  alternating  bending 
cycles  is  followed  by  the  progressing  loss  of 
strength  and  metal  plasticity  growth.  Unlike 
the  evolution  of  Bauschinger  effect  (when 
alternate  the  unaxial  loading  sign)  and  in 
addition  to  the  change  in  small  plastic 
deformations  resistance,  it  is  shown  the 
decrease  in  ultimate  strength.  The  amount  of 
maximum  decrease  in  yield  strength  of  BTS 
of  st  08nc  steel  prerolled  by  20  -60  %  is  12  — 
18  %  respectively  and  for  st  20cn  analogical 
decrease  was  12-14  %. 

The  substructure  of  cold  rolled  steel 
investigation  shows  decreasing  the  wide  of  x- 
ray  interference  ((3)  after  two  alternating 
bending  cycles.  .Decrease  of  (3  by  BTS  is  a 
result  of  dislocations  density  (p)  decrease  by 
its  introduction  into  the  metal  by  cold  rolling. 
The  estimate  of  p  according  to  the  relation 
[2]: 


So,  after  20  %  deformation  pi  =  2,8  *  108 
mm'2,  after  two  cycles  BTS  p2  =  1,8  *  108 
mm'2.  Relation  of  pi/pa  for  c  =  20  %  equals  to 
1,55,  and  for  s  =  60  %  this  parameter 
decreases  up  to  1,35.  When  the  estimation  of 
p  is  the  according  to  strain  hardening  [3]: 

cr  =  cr,  +  a/ub^fp 

here:  a  and  cy  -  stresses  of  metal  flow  before 
and  after  BTS  respectivety,  a  -  coefficient,  p  - 
displacement  module. 

Thus,  we  can  suppose  that  the  decrease  of 
common  density  of  dislocations  is  one  of  the 
reasons  of  decreasing  the  tensile 
characteristics  of  cold  steel  after  BTS.  The 
other  cause  -  experimentally  observable 
easing  of  the  cold  deformation  texture  and 
growth  of  the  polar  density  orientations, 
nonconventional  for  the  given  kind  of 
deformation  -  such  as  rolling. 

As  a  result  of  electron  microscopy 
investigation  is  stated  that  after  20  % 
deformation  the  significant  volumes  ferrite  of 
metal  contain  the  periodical  dislocational 
structures  similar  to  cellular  (fig.l). 


/ 

p  -  m 

V 


/ 3  ■ ctgOX 

b  j 


where  m  -  orientation  factor,  equals  to  0,8;  9  - 
angle  of  x-ray  interference;  b  -  Burgers 
vector. 


Shows,  that  in  the  examinated  steel  after  any 
cold  rolling  deformation  decrease  p  about  1,3- 
1,5  times. 
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Fig.l.  Electron  microscope  image  the 
dislocation  structure  of  cold  rolled  steel  after 
20%  deformation  (x  19500) 
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The  existence  of  certain  quantity  of  cells  with 
increased  density  of  dislocations  into  them 
shows  about  noncompleted  process  of  cellular 
substructure  forming.  As  early  as  after  2  -4 
cycles  of  BTS  the  chaotic  distribution  into 
separate  cells  after  rolling  is  changed  with 
appearance  the  unmonotonity  in  distribution 
of  dislocation.  The  cause  of  that  is  appearance 
of  stresses  from  an  asymmetric  the  energy 
field  of  dislocations  by  it  moving  in  straight 
and  back  directions.  As  a  result  the  observe 
annihilation  of  dislocations  is  an  effect  of 
turning  on  a  small  angles  the  particular 
microvolumes  causing  of  shift  or  forming  the 
new  subgrain  boundaries.  The  example  of 
such  of  subgrain  boundary  after  BTS  is  a  plot 
A  in  fig.2. 


Fig.2.  Electron  microscope  image  the 
dislocation  structure  after  BTS  cold  rolled 
steel  (x  1 9500) 


Thus,  the  base  of  softening  process  after  BTS 
of  cold  rolled  steel  are  a  rotational  effects  of 
substructure  elements  caused  by 
noncompensated  moments  of  stresses. 
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Rare  earth  dodecaborides  -  REBI2  (RE:  Tb+Lu) 
crystallize  in  a  cubic  fee  lattice  of  UBn-type  (sp.gr. 
Fm3m- Oh5)  which  may  be  considered  as  a  simple 
cubic  closest-packed  lattice  formed  by  two  framework 
units:  B12-cubooctahedrons  and  metal  atoms  [1]. 

REB12  compounds  exhibit  a  variety  of  magnetic 
properties,  which  predominantly  result  from  the 
well-localized  4f-shelll  of  RE-ions.  Diamagnetic 
LuB]2  becomes  a  superconductor  below  0.4  K  [2], 
YbBn  is  a  Kondo  semiconductor  [3],  whereas 
TbB12,  DyB12,  HoB12,  ErB12,  and  TmB,2  reveal  an¬ 
tiferromagnetic  (AF)  ordering  at  low  temperatures 
[4,  5].  The  indirect  exchange  interaction  of  RKKY 
type  was  proposed  as  the  dominating  mechanism 
leading  to  AF  [5,  6].  However,  Gubbens  et  al.  [7] 
have  pointed  to  the  important  role  of  the  crystalline 
electric  field  (CEF)  for  the  understanding  of  mag¬ 
netic  properties  of  TmB12. 

CEF  represents  one  of  the  single-ion  interacti¬ 
ons  that  plays  a  major  role  in  formation  of  the  phy¬ 
sical  properties  associated  with  4f-magnetism  [8]. 
In  order  to  determine  the  role  of  CEF  in  magnetic 
dodecaborides,  we  have  undertaken  the  study  of 
these  compounds,  above  all  of  phenomena  which 
are  sensitive  to  the  CEF  -  heat  capacity,  thermal 
expansion  and  electrical  resistivity.  Here,  we  will 
present  mainly  their  analysis  in  the  paramagnetic 
range,  i.e.  beyond  AF  transition.  The  Neel  tempe¬ 
ratures  of  TbBi2,  DyBn,  IIoB12,  ErB12  and  TmB12 
are  equal  to  22.05  K,  16.35  K,  7.38  K,  6.65  K  and 
3.28  K,  respectively. 

As  the  above  mentioned  properties  are  additive 
functions  of  several  contributions  (electron,  lattice, 
magnetic)  we  have  separated  the  components  asso¬ 
ciated  with  the  CEF  -  Schottky  heat  capacity  (CSch), 
magnetic  thermal  expansion  coefficient  (am)  and 
magnetic  resistivity  (pm)  -  using,  respectively,  heat 
capacity,  thermal  expansion  and  resistivity  data  of 
the  diamagnetic  reference  material  LuB)2,  in  which 
the  magnetic  component  is  absent. 

For  measurements  we  used  high-pure  sintered 
TbB12  samples  and  single  crystals  of  REBi2  (RE  = 
Dy,  Ho,  Er,  Tm,  Lu)  grown  by  the  crucibleless  in¬ 


ductive  zone  melting  in  an  envelope  atmosphere  of 
argon  gas.  For  more  details  see  Ref.  [9]. 

The  specific  heat  between  2.6  and  70  K  was 
measured  by  a  pulse  quasi-adiabatic  method;  deta¬ 
ils  are  described  in  [10].  The  temperature  depen¬ 
dence  of  the  relative  length  change  (A lit)  was  mea¬ 
sured  in  the  range  (5-r200)  K  by  a  three-terminal 
capacitive  method.  The  thermal  expansion  coeffi¬ 
cient  is  then  a  result  of  differentiation  of  the  A///  vs 
T  dependence  on  T.  Details  are  given  in  [11],  The 
temperature  dependence  of  resistivity  was  measu¬ 
red  in  a  4He  cryostat  in  the  range  (1.6-F300)  K 
using  a  standard  dc  four-probe  method. 

In  the  Fig.  1  the  magnetic  components  of  the 
REBi2  heat  capacity  are  presented.  Besides  pecu¬ 
liarities  connected  with  AF  ordering  one  can  see 
there  the  falling  branches  of  CSch  for  TbB12  and 
DyBn,  and  the  increasing  ones  for  HoB12,  ErB12 
and  TmB12  in  the  paramagnetic  range. 


Fig.  1.  Cm/R  vs  T  for  REB12  (RE:  Tb  -  Tm) 

The  analysis  of  CSch  allowed  to  estimate  the 
CEF  parameters  and  the  ground  states  of  RE-ions 
in  REBi2  crystal  field  (Table  1).  The  parameters 
obtained  for  TbBi2,  however,  are  doubted,  as  under 
consent  between  fitting  and  experimental  CSch  cur¬ 
ves  the  experimentally  received  and  estimated  ent- 
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ropies  differ  considerably.  For  other  dodecaborides 
the  ground  states  are  magnetic,  and  determine  thus 
their  magnetic  ordering.  For  TmB12  the  neutron 
study  provided  similar  results  [12.  13], 


Table  1 

The  CEF  characteristics  of  REB12 


REB12 

W  (K) 

X 

The  ground  state 

TbB12 

-0.29 

-0.017 

r2 

DyB12 

-2.00 

-0.40 

r  (3) 

1  s 

HoB,2 

0.73 

0.42 

rO) 

ErB]  2 

-0.85 

0.38 

p  (3) 

t  S 

TmB]2 

1.25 

-0.12 

r5(') 

In  the  Fig.  2  the  magnetic  thermal  expansion 
coefficients  a„,  for  IIoB12,  ErB,2  and  TmB,2  are 
presented.  In  the  paramagnetic  region  the  a,„  beha¬ 
vior  is  complex  due  to  CEF.  For  ErB|2  two  regions 
of  negative  thermal  expansion  are  observed. 


Fig.  2.  am  vs  T for  magnetic  REBI2  (RE:  FIo+Tm) 

In  case  of  two-level  or  quasi  two-level  systems 
a  direct  proportionality  between  CSr/,  and  am  exists, 
and  so  one  can  estimate  the  Griineisen  parameter 
Ycfs  for  each  CFT  level  [14].  For  given  magnetic 
REBI2.  however,  such  proportionality  prevails  only 
in  a  narrow  temperature  range  (see  e.g.  Fig.  3).  The 
evaluation  of  temperatures,  at  which  the  contribu¬ 
tion  from  individual  CEF  levels  to  am  or  CSci,  be¬ 
gins  to  prove,  has  shown,  that  these  systems  have 
to  be  considered  as  multilevel  ones  even  from  (15+ 
20)  K. 

The  cccef  sign  for  a  corresponding  level  is  defi¬ 
ned  by  the  sign  of  its  partial  Ycf.f,  and  the  sign  of 


the  total  a,,,  is  determined  by  the  combination  of 
contributions  from  all  levels.  So,  an  existence  of 
negative  regions  for  ErB,,  a„,  is  connected  with  the 
predomination  of  contributions  from  CEF  levels 
with  negative  Ycef- 


Fig.  3.  Temperature  dependencies  of  a,„  and  C,„  for 
ErB,2. 

The  magnetic  resistivity  pn,  of  REBI2  (RE:  Dy  v 
Tm)  is  shown  in  the  Fig.  4.  In  the  paramagnetic 
region  p,„  behaves  unusually:  for  HoB12.  ErBl2  and 
TmB,2  a  Schottky-like  maximum  is  observed,  for 
DyBn  a  maximum  is  only  slightly  indicated. 


Fig.  4.  pm  vs  In T  for  magnetic  REB|2.  Insert:  the 
magnetic  resistivity  of  TmB]2  in  p„,  v.v  T axis. 

It  is  known  that  the  interaction  of  conduction 
electrons  with  localized  4f-electrons  results  into 
two  types  of  scattering  mechanisms,  and  respecti¬ 
vely,  into  two  types  of  resistivity  contributions  [  1 5- 
18],  One  of  them  is  connected  with  the  exchange 
interaction,  the  second  with  Coulomb  scattering  of 
conduction  electrons  on  the  aspherical  distribution 
of  the  4f-sheil  charge.  Both  contributions  -  ex- 


228 


I.  FUNDAMENTAL  PROBLEMS  OF  MATERIALS  SCIENCE 


change  and  quadrupolar  -  are  positively  monotono¬ 
us  functions  of  temperature,  and  thus  they  can’t 
account  for  the  experimental  results.  A  similar 
pJT)  dependence  is  usually  observed  in  dense 
Kondo-systems.  But,  the  energy  of  the  4f-shell  in 
magnetic  dodecaborides  is  essentially  smaller  than 
their  Fermi  energy  EF  (~5  eV  [19]),  which  permits 
to  neglect  in  this  case  the  effect  of  the  4f-  and  con¬ 
duction  electron  hybridization.  Similar  results  as  in 
REB12  were  detected  in  TmGa3  [20]  and  Tmln3 
[21],  both  showing  a  similar  4f-level  to  EF  relation. 

We  don’t  know  the  mechanism,  which  would 
enable  to  describe  the  observed  pm  dependencies. 
Nevertheless,  the  difference  in  the  pm(T)  behavior 
for  various  dodecaborides  may  be  qualitatively 
explained  using  the  above  information  about  CEF 
levels.  As  the  ground  state  of  HoB]2  and  TmB]2  is 
the  same  -  r5(1),  a  qualitative  comparison  of  their 
pm(T)  maxima  positions  (108  K  and  133  K)  and 
energies  of  the  first  excited  levels  (63.3  K  and  78.5 
K)  may  be  reasonable.  And  indeed,  the  larger  split¬ 
ting  AE  (78.5  K)  for  TmB12  is  related  to  the  higher 
temperature  of  the  pm  maximum  (133  K). 

The  total  splitting  for  HoB12  is  equal  to  416  K, 
for  TmBi2  -  337  K.  The  possible  scheme  of  CEF 
level  splitting  for  DyB12  can  be  displayed  as 
r8(3)(0)-*r8<2)(53.9  K)->r8(1)(594  K)  ->  r6  (605  K) 
->  r7  (676  K),  i.e.  the  energy  of  the  first  excited 
level  for  DyB]2  is  lower  than  the  same  energy  of 
other  magnetic  dodecaborides,  but  the  total  splitting 
for  it  is  more  essential.  These  results  agree  with  the 
slightly  indicated  pm  maximum  at  ~50  K  and  with 
the  continuing  monotonous  rise  of  pm  for  DyB12  at 
higher  temperatures. 

Thus,  we  have  shown  the  importance  of  the 
CEF  on  formation  of  the  physical  properties  of 
REB12  compounds.  We  have  estimated  the  CEF 
parameters,  determined  the  ground  state  of  RE- 
ions,  and  proposed  the  corresponding  splitting 
schemes.  Furthermore,  we  qualitatively  explained 
the  temperature  dependence  of  their  magnetic 
resistivity  in  the  paramagnetic  range.  The  obtained 
CEF  parameters  are  needed  to  be  confirmed  by  di¬ 
rect  methods  as  it  has  been  done  for  TmB12-  The 
results  of  the  magnetic  electrical  resistivity  demand 
the  development  of  a  corresponding  model. 
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XX  century  can  be  called  as  a  golden  one  for  the 
materials  science.  Rapid  development  of 
technology  and  industry  has  demanded  new 
structural  and  functional  materials  having  high 
level  of  service  properties  and  their  unique 
combination,  which  are  able  to  operate  in 

aggressive  media,  vacuum,  under  increased  load,  at 
high  and  low  temperatures,  and  other  extremal 
conditions. 

Every  scientist  can  have  his  own  viewpoint  with 
respect  to  the  most  important  event  in  the  history  of 
materials  science  in  XX  century,  so  we  state  here 
our  version.  It  is  impossible  to  consider  all 

achievements  of  last  century  within  one  brief 

report.  We  will  concentrate  only  at  principal  and 
revolutionary  from  our  viewpoint. 

Great  hopes  of  the  mankind  are  connected  with 
possible  use  in  practice  the  phenomenon  of 

superconductive  state  of  materials,  which  was 
discovered  by  Camerling-Onnes  in  1911.  The  wide 
use  of  this  phenomenon  was  hindered  by  the 
necessity  of  application  very  low  temperatures 
close  to  that  of  liquid  helium  (4.2K).  Last  decades 
of  XX  century  were  marked  with  the  discovery  of 
so  called  high-temperature  superconductors,  in 
which  series  the  first  was  ceramics  based  on  Cu- 
La-Ba  system  with  the  transition  temperature  to 
superconductive  state  30...35K.  The  scientists  from 
many  countries  have  strongly  investigated  the 
possibility  to  design  superconductors  having  higher 
transition  temperatures  to  the  superconducting 
state.  The  results  obtained  now  allow  for  hope  that 
high-temperature  superconductors  for  practical 
applications  will  be  designed. 

As  a  prerequisite  for  development  of  electronics 
and  computational  technology  -  the  field  which 
determined  to  a  considerable  extent  the  progress 
achieved  by  mankind  in  XX  century  -  was  the 
production  of  superpure  semiconductive  single 
and  polycrystalline  materials  in  which  the 
concentration  of  harmful  impurities  was  one  atom 
per  billion.  The  reliability,  diminutiveness,  fast- 
action,  good  economical  and  service 
characteristics  of  most  (unless  of  all)  devices  of 
micro-,  opto-,  bio-  and  quantum  electronics  are 


assured  by  the  use  of  contemporary  materials  with 
unique  properties. 

Mechanical  processing  of  new  (and  also  well 
known  old)  materials  requires  making  use  of  tool 
materials  with  high  hardness  and  strength.  The 
development  in  Germany  in  twenties  the  material 
consisting  of  cobalt  binder  and  tungsten  carbide 
particles  initiated  the  use  of  materials  of  new  kind, 
so  called  "hardalloys".  Such  alloys  made  a 
revolution  in  the  cutting  technology  enabling  to 
considerably  (by  several  times)  increase  the 
cutting  speed  and  giving  the  possibility  to  process 
hard  metal  and  non-metal  (glass,  porcelain  etc.) 
materials  with  machines. 

In  1953  Liander  and  Loodblud  have  manufactured 
for  the  first  time  an  artificial  diamond,  based  on 
fundamental  researches  of  P.Y.Bridgeman,  and 
this  made  it  possible  to  design  unique  the  hardest 
tools  for  processing  hard  and  superhard  materials. 
At  present,  not  only  fine  polycrystalline  and  rather 
large  single  crystals  of  artificial  diamond  are 
produced.  However,  it  should  be  pointed  out  that 
diamond  cutting  tools  are  little  suitable  for 
processing  such  materials  as  cast  irons  and  steels, 
since  high  temperatures  develop  at  the  tool 
surface  resulting  in  degradation  of  diamond. 

The  fundamental  researches  of  the  mechanisms 
for  transformation  graphite-like  phases  in 
diamond-like  ones  have  resulted  in  discovery  of  a 
number  of  high-pressure  phases.  Among  them 
only  wurtzite  boron  nitride  (known  as  hexanite, 
elbor,  cubanite)  has  found  its  application  in  the 
second  half  of  century  in  making  superhard  tools 
operating  in  hazard  conditions  of  processing 
hardened  and  high-speed  cutting  steels,  high- 
strength  cast  iron,  hardalloys,  wear-resistant 
fused-over  materials. 

To  meet  the  requirements  of  aviation, 
cosmonautics,  nuclear  energy  making,  transport- 
machine  building,  and  other  branches  of  new 
techniques,  the  works  aimed  to  development 
materials  with  special  properties  have  been  initiated 
in  XX  century.  Among  those  are  so  called  "smart" 
materials,  which  respond  to  change  in  outside 
influence.  To  such  "smart"  materials  are  first  of  all 


230 


i.  FUNDAMENTAL  PROBLEMS  OF  MATERIALS  SCIENCE 


related  the  discovered  in  1949  in  Ukraine  by 
G.V.Kurdyumov  and  L.G.Handros  materials 
having  the  effect  of  shape  memory,  i.e.,  the  ability 
to  restore  upon  heating  the  original  shape  which 
was  changed  by  deformation.  As  an  example  of 
using  these  materials  could  be  the  unfolding  of 
large  (up  to  15  m)  space  constructions  after 
delivering  them  at  orbit  in  folded,  compact  state. 

A  promising  discovery  was  the  superplasticity  of 
materials  revealed  upon  studying  the  mechanisms 
of  plastic  deformation.  The  yield  strength  of  very 
fine-grained  material  deformed  at  very  high  rate  at 
the  temperatures  close  to  0,3-0, 4  Tmeit  was  shown 
to  drastically  decrease.  This  finding  gives  hope  for 
solving  very  complicated  problem,  namely  the 
mechanical  processing  of  hard  and  superhard 
materials.  It  is  necessary  to  design  new 
technologies  for  high-speed  deformation  and 
appropriate  equipment. 

For  last  10-15  years  the  term  "nanostructural 
system"  has  been  widely  used  in  materials 
science.  To  those  are  related  the  systems  in  which 
the  specific  dimensions  of  structure  elements  are 
in  the  range  from  1  to  100  nm.  It  was  asserted  that 
nanostructural  state  can  ensure  the  principally  new 
level  of  properties  of  both  structural  and 
functional  materials. 

Recently  the  so-called  quasicrystals  have  been 
discovered.  It  is  impossible  to  describe  their 
structure  with  lattice  consisting  of  periodic  cells 
because  it  is  characterized  by  rotational  5-  or  7- 
fold  symmetry,  which  is  forbidden  by  classical 
crystallography.  Due  to  their  low  friction 

coefficient  and  high  wear  resistance,  high 
hardness  and  compression  strength,  the 

quasicrystalline  alloys  have  found  wide 

application  for  manufacturing  parts  of  friction 
assemblies  and  as  structural  materials.  Low 

specific  thermal  and  electrical  conductance  of 
quasicrystals  open  the  possibility  to  prepare  thin 
films  from  them  (with  the  thickness  from  several 
thousand  nanometers  to  a  few  hundred 
micrometers)  for  the  purposes  of  modem 
electronics. 

To  the  materials,  which  were  unknown  few 
decades  ago,  the  fullerites  should  be  related. 


These  are  the  molecular  crystals  with  high 
strength  and  low  specific  density,  which  are 
promising  as  reinforcing  materials  for  high- 
strength  composites  and  also  as  molecular 
dielectrics  for  micro-electronics.This  substance  is 
the  new  third  form  of  pure  carbon.  At  present,  a 
number  of  fullerites  are  known  consisting  of 
molecules-fullerenes  of  different  sizes:  C28,  C32, 


In  the  second  half  of  the  last  century  the  attention 
of  scientists  has  been  attracted  by  so-called 
"progressive"  ceramics.  Along  with  low  specific 
weight,  high  hardness  and  chemical  inertness  it 
retains  its  high  strength  at  temperatures  up  to  1500 
°C.  In  order  to  widely  use  those  ceramics, 
especially  as  structural  material  the  scientists 
worldwide  work  for  increase  its  reliability  and 
stability  of  properties. 

The  materials  science  of  composite  materials  has 
been  developed  strongly  in  XX  century.  As  a 
strengthening  phase,  the  metal  and  ceramic 
powders,  metal,  mineral  and  carbon  fibers  and 
wires  are  introduced  in  metal,  polymeric,  ceramic 
or  carbon  matrix.  Just  with  composites  the 
amazing  combination  of  properties  are  possible, 
which  can  not  be  achieved  in  other  materials. 
Such  composites  as  hardalloys,  pseudoalloys, 
dispersion  -  strengthened  metals  are  widely  used 
now. 

An  intense  interest  has  arose  last  years  from  so- 
called  "in-situ"  composites  which  are  prepared  by 
natural  way  upon  crystallizing  eutectics.  For 
instance,  the  alloys  of  eutectic  type  based  on  Ti-Si 
system  have  structure  of  plastic  titanium  matrix 
strengthened  with  eutectic  formations  based  on 
silicides  and  other  intermediate  phases  of  ceramic 
type,  they  are  able  to  perform  under  dynamic 
loads,  have  high  heat  resistance  and  fracture 
toughness  at  700-850  °C. 

Certainly,  the  materials  science  will  as  usual  be 
actively  response  for  challenges  of  time  in  XXI 
century.  Well  known  materials  will  be  improved 
and  new  materials  will  be  designed,  that  will 
support  the  creation  of  new  techniques. 
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NEW  DEVELOPMENTS  IN  MATERIALS  ENGINEERING: 
FROM  COORDINATION  POLYOXOMETALATE  COMPOUNDS 
TO  SEMICONDUCTING  THIN  FILMS  AND  COVERINGS 


Lisnyak  V.V.,  Stus  N.V.,  Sudavtzova  V.S>,  Popovich  P.(1),  Slobodyanik  N.S. 

Chemical  Department  of  Kyiv  National  Taras  Shevchenko  University, 

64  Volodymyrska  Str.,  01033  Kyiv,  Ukraine 
(1)  Carls  Eberhard  Tuebingen  universitat,  UniversitatstraBe  10,  Tuebingen,  Deutschland 


Design  and  manufacturing  of  industrial 
semiconducting  materials  for  novel  devices  of 
various  application  such  as:  photovoltaic 
convertors,  sensors,  sensitive  pH  electrodes,  semi¬ 
conductor  thin  films  and  covering  are  off  special 
interest. 

Synthesis  of  complex  oxide  materials  was 
carried  out  using  polytungstenoxometalates  of 
monovalent  metal  (Li,  Na,  K,  Ag),  and  NH44  or 
organic  ammines  with  Keggine  structure  as 
precursores.  First  soluble  in  the  nonaqeuse  solutant 
complexes  were  painted  on  the  various  substrates 
and  dried  in  vacuum.  Then  thin  films  solids  or  in 
some  cases  a  covering  formed  by  complex  oxide  of 
tungsten  were  obtained.  Several  techniques  were 
applied:  reductive  heating  in  a  ultra-thin  hydrogen 
beam;  sample  treatment  using  microwave  or 
gamma  irradiation.  The  special  attention  was  given 
to  synthesis  of  thin  films  and  novel  semi- 
conductive  coverings  based  on  tungsten-phosphate 
bronzes  [1-3], 

Elemental  content  was  determined  by  the 
electron  probe  microanalysis  (Jeol  Microprobe- 
1500).  The  covers  and  thin  films  were  studied  by 
XRD  (full  profile  analysis  of  diffraction  pattern). 
Surface  study  were  performed  by  XPS.  NMR  3 IP 
spectra  were  recorded  on  Bruker  instrument  in 
University  of  Pans.  Magnetic  susceptibility 
measurement  provided  on  SQUID  apparatures  at 
50  -  100  K.  DSC,  DTA  and  thermal  gravimetrical 
analysis  of  initial  complexes  decomposition  was 
carried  out  using  Calvet  type  caloremeter  and 
Paulik-Erdei  derivatograph.  The  electrical 
resistance  v.s.  temperature  was  measured  by 
standard  two-probe  technique  using  General 
Electric  applience. 

Series  of  self-obtained  monophosphate 
tungsten  bronzes  with  hexagonal  tunnels  (MTBH) 
M,(W03)2m(P02)4,  (M=Li,  Na,  K,  Ag,  m  is 
integer)  have  been  synthesised,  the  series 
representatives  differ  by  W-O  layer  thickness, 
which  is  equal  to  m. 


The  lithium  members  of  MPTBH  have  not 
been  reported  till  present  time.  The  MPTBH  [2,3] 
usually  posses  2D  metallic  conductivity  due  to 
presence  of  Re03-type  isolated  layers  formed  by 
comer  sharing  W06  octahedra.  The  semimetallic 
properties  are  attributed  to  delocalized  electrons  in 
partially  filled  n*  conduction  band  formed  by  the 
overlap  of  tungsten  t2g-5d  and  oxygen  ?t-2p 
orbitals.  The  conductivity  as  well  as  resistivity 
anomalies,  electronic  instabilities  and  charge- 
density-wave  properties  of  MPTBH  phases  are 
connected  with  peculiarities  of  their  framework 
construction  according  to  Whangbo-Canadell 
theory  [4], 

The  Re03-type  connected  ribbons  can  be 
distinguished  in  the  MTBH  frameworks.  For  m=6 
and  m=4  representatives  of  the  MTBH  series  the 
ribbon  composition  is  defined  as  W6026  and 
W4018,  respectively  (see  Fig.l). 


Fig.l.  Re03-type  connected  ribbons  and 
staircase-like  layer  for  Mx(W03)2m(P02)4  m=6,  4; 
view  on  [101]  and  [010]. 

The  first  tungsten  octahedron  of  every 
ribbon  shares  its  axial  oxygen  atom  with  the  third 
tungsten  octahedron  of  the  adjacent  ribbon.  The 
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staircase-like  layer  with  each  W6026  or  W40i8 
ribbon  as  a  step  is  formed.  Ribbons  W6026  and 
W40i8  and  related  staircase-like  layers  are 
represented  in  fig  1  (left  and  right  pannel). 

The  preferable  orientation  of  MTBh  detected 
by  XRD  is  [010]  direction  normal  to  the  substrate 
surface  (see  Fig.  2).  Thus  high-conductive 
perovskite-like  layers  are  perpendicular  to 
substrate  surface,  obtained  thin  films  are  one¬ 
dimensional-.  conductors. 


Fig. 2.  Projection  of  Mx(W03)2m(P02)4m-  4; 
crystal  structure  on  [0 1 0] 

For  measured  MPTBH  MAS  31 P  NMR 
spectra  only  one  type  of  a  signal  is  observed, 
which  is  characteristic  for  isolated  ortho-phosphate 
groups.  The  signal  displacement  in  area  of  low 
fields  testifies  the  assumption  about  phosphorus 
atom  participation  in  electronic  density  exchange 
with  {W2m06m+8}  layers  at  charge  super-exchange 
interaction. 

On  the  base  of  surface  study  by  XPS  and 
spectra  simulation,  valent  state  of  tungsten  atoms 
was  suggested. 

The  wide  interval  of  conductivity  values 
10"5-1 04  Ohmxcrrf1  and  high  anisotropy  (2-3  orders 
of  magnitude)  are  characteristic  for  obtained  thin 
films  series.  The  considerable  influence  of 
substrate  type  on  covering  electrical  characteristics 
has  been  observed. 

Typically  the  representatives  of  series  with 
m  <  6  are  quasi-metals.  MPTBh  with  m  >  8  are 
classic  semiconductors.  It  has  been  determined, 
that  conductivity  of  lithium  containing  MPTBjj  is 


higher,  than  conductivity  of  other  representatives, 
caused  by  the  influence  of  monovalent  atom 
dimensions.  For  members  with  m=6-10  the 
conductivity  is  on  the  order  below  than  for  MPTBH 
with  111=4-5.  It  is  connected  with  decrease  of 
current  carriers  quantity  and  by  layer  thickness 
enlargement  constructed  of  W06  groups,  which  led 
to  charge  density  redistribution. 

The  conductivity  value  for  obtaned  thin  film 
increases  by  two  or  three  orders  of  magnitude  at 
wide  temperature  interval .  The  part  of  lga  vs  T 
dependence  contradict  with  Arrhenius  eqn.  and 
deals  with  alkali  metal  fast  ionic- transport 
contribution  realized  by  cross-jumping  mechanism 
between  alkaline  metal  ions  position.  The  low 
temperature  part  of  dependence  is  typical  for 
metallic  and  semimetallic  systems. 

Using  complex  polyoxometalates  synthetic 
rout  and  controlled  reductive  decomposition  the 
thin  films  and  novel  covering  of  tungsten 
phosphate  bronzes  were  obtained.  Synthesised  thin 
films  posses  quasi  one-dimensional  properties, 
which  never  been  obtained  by  routine  solid-state 
synthesis.  Materials  can  be  used  for  novel 
semiconductor  design,  besides  as  sensors  for 
portative  chromatograph  [5]  and  model  objects  for 
surface  phenomena  study. 

[1]  B.  Domenges,  M.  Hervieu  M,  B.,  Raveau.  Acta 
crystallogr.  1990,  B46,  610. 

[2]  B.  Domenges,  M.  Hervieu,  and  B.  Raveau.  J.  Solid 
State  Chem.  1988,  72,  155. 

[3]  J.P.  Giroult,  M.  Goreaud,  Ph.  Labbe,  B.  Raveau. 
Acta  crystallogr.  1981,  B37,  1163. 

[4]  E.  Canadell,  M-H.  Whangbo,  and  I.  El -I.  Rachidi. 
Inorg.  Chem.  1990,  29,  3871. 

[5]  V.V.  Lisnyak,  N.S.  Slobodyanik,  V.K.Yatsimirsky 
at  el.  in  A.  Coima,  F.V.  Melo  (Eds.),  Studies  in 
Surface  Science  and  Catalysis,  Elsevier  Science,  B.V. 
2000, 130,  3870. 
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CHHTE3  CYEMHKPOHHMX  ILHEHOHHMX  CTPYKTYP  UOR 
B03#EHCTBHEM  <DPAKTAJIBHO-MATPHHHMX  TPAHCITAPAHTOB 

CepoB  H.H.,  AjieKceiiueB  A.B.,  BejibCKaa  T.H.,  BoHinTeflT  B.3.(1),  EropoBa  H.B., 

MaprojTHH  B.H.(2).  HoTcap  H.A.(2) 

HcCJie^OBaTejTbCKHH  UeHTp  OoHaa  p<33BHTHH  HOBbIX  Me^HUHHCKHX  TCXHOJIOrHH  "Aftpac",  CaHKT- 

IleTep6ypr,  Pocchh 

TOH  hm.  C.H.  BaBHJioBa,  CaHKT-rieTep6ypr,  Poccna 
(2)CanKT-rieTep6yprcKHH  rocyaapcTBeHHLiH  ajieKTpoiexHHqecKHH  yimBepcmeT  "JI3TH", 

CaHKT-rieTcp6ypr,  Poccna 


Pa3BHTHe  CySMHKpOHHOH  TeXHOJIOrHH  H 
HaHOTeXHOJIOrHH  npHBOaflT  K  Heo6xOaHMOCTH 
pa3pa6oTKH  HOBbix  MexoaHK  noayneHna 
TOHKOruieHOHHbIX  nOKpbITHH,  HTO  CBH33HO  C 
HCeCXKHMH  Tpe6oBaHH3MH  K  HHCTOTC  H 
CTpyKTypHOMy  coBepmeHCTBy  MaxepnaaoB.  Te 
HeflOCXaTKH,  C  KOXOpbIMH  MOKHO  MHpHXbCa  B 
o6beMHbix  o6pa3uax,  coBepuieHno  HexepnHMbi  b 
HaHopa3MepHOH  naenKe  xojiihhhoh  b  HecKoabKO 
axoMHbix  caoeB,  nocKoabKy  npHMecH,  HHopoaHbie 
BKjiiOHeHHfl  h an  cxpyKxypHbie  HecoBepmeHCXBa 
coBepmeHHO  H3MeHaiox  ee  (})H3HHecKHe  h 
aKcruiyaxauHOHHbie  cBoficxBa. 

OaHaKO  aaa  noayneHHa  HaHopa3MepHbix  h 
HaHocxpyioypHbix  naeHOK  ocoSyio  BancHocxb 
HMeex  aajxe  He  cxoabKO  peuieHHe  npo6aeM 
HHCXOXbl  MaxepHailOB,  CKOabKO  B03M0>KH0CXb 
co3AanH5i  HaHopa3MepHoro  H3o6paa<eHHa  Ha 
noBepxHocxH  HaHopa3MepHon  njieHKH.  ,ZJaa 
MHKp03aeKxpoHHKH  cxpyKxypwpoBaHHe  cocxoaao 
b  co3aaHHH  H3o6pa>KeHHa  Ha  noBepxHocxH 
naeHKH  h  nocaeayioineM  nepeHoce  pncyHKa  Ha 
cxpyxxypy  naeHKH  (yaaaeiiHe  Maxepnaaa).  ,2(aa 
HaHoxexHoaorHH  eaHHCXBeHHbiM  nyxeM 
cxpyiciypHpoBaHHa  aBaaexca  coaaaHHe  naeHOK, 
cocxoauiHX  H3  npeilH3HOHHO  a0KaaH30BaHHbIX 
rpynn  axoMOB  h  b  naeaae,  H3  oxaeabHbix  cxporo 
h  ynopaaoneHHO  aoKaaH30BaHHbix  axoMOB. 
3xoro  mo>kho  B  npHHUHne  aoRuxbca 
npHMeHeHHeM  npeuH3HOHHbix  MexoaoB 
cy6MHKpoHHOH  h  HaHoxexHoaorHH  (saeKxpoHHaa 
aHxorpa<J)Ha  CKaHHpyiotHHM  nyaxoM,  xyHHeabHo- 
30naoBbie  xexHoaorHH). 

K  cojKajieHHio,  ohh  aBaaioxca  npaKXHMecKH 
He,aocxH5KHMbiMH,  x.K.  aBaaioxca  MexoaaMH 
HHaHBHayaabHon  o6pa6oxKH,  hxo  npnBoanx  k 
npaKXHMecKH  nepeaaH3yeMbiM  3axpaxa\i  BpeMeHH 
Ha  npouecc  co3aanna  naeHKH.  IIoaxoMy 
npeacxaBJiaexca  neaecoo6pa3HbiM  o6paxnxbca  k 
npHMeHeHHio  rpynnoBbix  MexoaoB  o6pa6oxKH, 
no3BoaaiomHX  3a  oaiiH  UHKn  o6pa6axbiBaxb 
3HaHHxeabHbie  naomaan  noaaoaocH  h  cosaaBaxb 


peryaapHyio  ynopaaoneHHyio  cxpyKxypy 
oanoBpeMeHHo  Ha  Been  naomaan 
o6pa6axbiBaeMoro  o6pa3ua. 

HanSoaee  npHBaeKaxeabHbiM  c 

npaKXHaecKOH  h  xexuoaorHaecKOH  xoneK  3peHHa 
aBaaexca  co3aanne  b  cooxbcxcxbhh  c 
npoueccaMH  caMoopraHH3anHH  h  caMOKoppeKinw 
BHOBb  noayaaeMbix  HaH0pa3MepHbix  cxpyKxyp  Ha 
noBepxHocxH  noanoncxH  MaKCHMaabHo 
cBoSoaHoro  ox  npHMecew  h  cxpyxxypHbix 
HecoBepuieHcxB  nepexoaHoro  xoHKonaeHOHHoro 
HaH  xoacxonaeHOHnoro  caoa  h  peaaH3anHa  Ha 
ero  noBepxHocxH  HaHopa3MepHOH  h 
HanocxpyKxypHpoBaHHOH  naeHKH. 

AHaaH3  HMeioiHHXca  pa6ox  no  co3aaHHio 
cxpyKxypnpoBaHHbix  o6beKxoB,  b  xom  nncae  h 
xohkhx  naenoK  noKa3biBaex,  hxo  KpaHHe  BaacHbiM 
aBaaexca  xox  (Jjaxx,  hxo  Bee  npHBeaeHHbie 
3KcnepHMeHXbi  nocBameHbi  B3aHMoaencxBHio  c 
BeinecxBOM  4>H3HHecKHX  aBaeHHH  HaH  areHXOB, 
He  Haxoaainnxca  b  cocxohhhh  pe30HaHCHoro 
B3aHMO^eficxBHa  c  nccaeayeMon  wm 
o6pa6axbmaeMOH  cxpyKxypoH,  a 

OrpaHHHHBaK)IHHXCH  npOCXblMH 

3HepreXHHeCKHMH  B03aeHCXBH3MH.  Flepexoa  K 
pe30H3HCHbiM  aBaeiiHaM  oxKpbiBaex,  no  HauieMy 
MHeHHio  coBepmeHHO  HOBbie  nepcneKXHBbi  b 
o6aacxn  MaxepnaaoBeaenHa. 

Oco6enHo  npHBaeKaxeabHbiM  aaa 
3KcnepHMenxoB  aBaaexca  Mexoa  MarHexpoHHoro 
HOHnoro  pacnbiaenna,  no3BoaaiouuiH  noaynaxb 
oaHopoflHbie  xoHKHe  naeHKH  c  aoKaaH3auneH 
axoMOB  b  xoHKe  hx  ocaagieHHa.  Ilpn  3xom 
noaynaeMaa  naeHKa  npaKXHMecKH  noBXopaex 
cxpyxxypy  noaaoacKH. 

IlocKoabKy  npocxpaHCXBeHHyro  cxpyxxypy 
aioSoro  o6bCKxa  Ha  aroMapHOM  nan 
MoaeKyaapHOM  ypoBHe  mojkho  npeacxaBHXb  Kax 
CHexeMy  BoaHOBbix  naxexoB  wm  xax  HeKyio 
BoaHOByio  cxpyxxypy,  oSaaaaiomyio  exporon 
nepHoaHHHoexbK),  xo  axa  nepnoaHHHOCxb  6yaex 
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OAH03HaHHO  CBasaHa  CO  CTpyKTypHMMH 
xapaKTepHCTHKaMH  pemexKH  m axe p nan  a. 

nocKOJibKy  CTpyKTypHbiH  Kapicac 
KpHCTajIJIHHeCKOH  pemexKH  MTOKITO  npe/ICXaBHXI> 
KaK  HeKHH  noncBOH  Kapxac,  cxaxHnecKoe  none 
Koxoporo  MO>Kex  6bixb  xononornnecKH 
Bbipa>KeHO,  a  xononoraa  nona  areHxa  h 

cxpyKxypbi  KpHCxajiJTOHecKOH  Maxpnnbi  nonncHbi 
6bixb  noAo6Hbi,  npnneM  b  cooxbcxcxbhh  c  hokum 
MacuixaSHbiM  koo  cfx|i  n  nnc  nx  o  m  ,  xo  xaKOBbiM 

nocxaxoHHO  yHHBepcajibHbiM  areuxoM 

npencxaBnaexca  cooTBexcxByioiUHM  o6pa30M 
cxpyKxypupoBaHHoe  3JieKxpoMarHHXHoe  none. 

npennaraeMbin  nonxon  3aiononaexca  b 
C03naHHH  ycnoBun  Ana  pe30HaHCH0ro 
B03nencxBHH  aneKXpOMarHHXHoro  non  a  Ha 

Maxepnan  xaKHM  o6pa30M,  nxo6bi  b  pe3ynbxaxe 
reHepannn  npocxpaHCXBeHHbix  cxpyxxyp 

B03nencxByiomero  arenxa  aKXHBHpoBaxb  b 
cxpyKxype  o6pa6axbiBaeMoro  ooxeKxa 

BHyxpHCxpyKxypHbin  pe30HaHC  ero 

6e3,aec{^eKXHbix  6a30Bbix  ejimmu.  h, 
cnenoBaxenbHO,  -  nponecc  caMOKOppeKUiHH. 

Pe3ynbxax  nono6noro  B3anMOAeficxBHa  6ynex 
3aBHcexb  ox  xohhocxh  xononornnecKoro 
cooxBexcxBiia  cxpyKxypbi  nona  h  cxpyKxypbi 
o6beKxa  b  cnynae  MacmxaSHpoBaHHoro 

cooxBexcxBHa. 

Onnaxo  oGbinnoe  o6nyneHne  3M  noneM  c 
pe30H3HCH0H  HaCXOXOH  He  npHBCflCX  K 

caMocornacoBaHHfo  n  caMOKoppeKnHH 

cxpyKxypbi,  x.k.  none  Heo6xon.HMO 

HH^opManHOHHO  cxpy  KxypupoBaxb .  Hhcxo 
pe30HaHCHoe  B3anMonencxBne  npHBenex  xonbKO 
k  HeynopanoneHHOMy  nornomeHHK)  3HeprHH  h 
B03M0>KH0My  XaOXHHeCKOMy  cxpyKxypHpoBaHHio. 
HacxoxHoe  h  BpeMeHHoe  cxpyKxypnpoBaHne  3M 
nona  He  no3Bonaex  noonxbca  HyncHoro 


pe3ynbxaxa,  noaxoMy  ocxaexca  xonbKO 
B03M0XCH0CXB  npocxpaHCXBeHHoro 

cxpyKxypnpoBaHna  3M  nona. 

IJ,enecoo6pa3HO  Ana  HHcJjopMannoHHoro 
cxpyKxypupoBaHHa  pe30HaHCHoro 

aneKxpoMarHHXHoro  nona  Bocnonb30Baxbca 

pa3pa6oxaHHbiMH  h  H3roxoBnaeMbiMH  <|>ohaom 
A0p3C  (JipaKXanbHO-  MaXpHMHbIMH 

xpaHcnapauxaMH,  npencxaBnaiomnMH  co6on 
4>oxoraa6noH  c  HaHeceHnon  (jipaKxanbHO- 
MaxpHHHon  xononornen  a  aBnaioinHMHCa 
reOMexpHHeCKH  CHHXe3HpOBaHHbIMH 

ronorpaMMaMH  c  pa3MepaMH  inxpHxa  k 
HacxoaineMy  BpeMCHH  Imkm.  Ochobhoh  3ananen 
aBnaexca  nonynenne  xaK  Ha3biBaeMoro 
rpa^nnecKoro  nona,  HMeioinero 

BHyxpHCxpyKxypHyio  AHHaMHKy,  ho  npH  sxom 
caMa  ero  cxpyxxypa  ocxaexca  cxaxHnecKOH  h 
HMeex  KOHCxpyKnmo,  Koxopaa  mo>kcx  6bixb 
Bbipancena  rpatfiHHecKH. 

npoBe/ienHbie  3KcncpnMCHXbi  no  nonyneHino 
cy6MHKpoHHbix  xoiiKHx  nnenoK  Ha  noBepxHocxH 
onxnnecKH  nonnpoBaHHbix  nnacxHH  KpeMHna 
noKa3anH,  nxo  HMeexca  0AH03HanH0  BbipanceHHoe 
BnnaHHe  Hcnonb30BaHHbix  nna  nenen 
cxpyKxypnpoBaHna  nonynaeMbix  nneHOK 
(JipaKxanbHO  MaxpunHbix  xpaHcnapaHxoB 

«Anp3c». 

ri03X0My  MOJKHO  SaKniOMHXb,  HXO  eAHHCXBeHHbIM 
peanbHbiM  nyxeM  cosnaHna  HaHopa3MepHOH  h 
HaHoexpyKxypHpoBaHHon  nneHKH  aBnaexca 
ncnonb30BaHne  nponeccoB  caMoopraHH3annn  h 
caMOKoppeKnHH  o6pa3yeMbix  cxpyxxyp  non 

B03ACHCXBHCM  HH(J)OpManHOHHO- 

cxpyKxypnpoBaHHoro  an  e  Kxp  o  m  ara  hth  o  ro  nona 
nn6o  b  npouecce  ee  Monn^HKannH  h 
cxpyKxypHOH  nepecxpoHKH. 
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O  nP0rH03HP0BAHHM  IIPOHHOCTH  HACTHIJ  5KEJIE3HMX 
nOPOUIKOB  H  CITEHEHHblX  MATEPHJIOB 


B.  5L  By.iaHOB 


I  ocy,aapcTBeiiHoe  yHpe>K;ieHHe  HncTirryT  MeTajmyprHii  YpO  PAH,  'ExaTepimSypr,  Pocchh 


FIpii  pa3pa6oTKe  Texno/iorHHecxHX  npo- 
ueccoB  H3roTOBJieHH«  cnenennbix  aeTajrcfi  c  xpe- 
6yeMblMM  (j)H3HKO-MeXaHHMeCKHMH  CBOHCTB3MH 
neo6xoziHMO  3iiaTb  (jnoHHecxne  xapaxTepHCTHxn 
KaK  HacTim  ncxo.anoro  waTepnana,  Tax  n  cncnen- 
noro  ancaMSaa  sn  hhx  h  hx  B03\to>KHbie  npe- 
aeabHbie  3naiieHHs. 

Abtopom  c.acaana  rionbiTxa  onpeaeacnna 
npejeacm  npoHHOCTH  h  TexynecxM  pa3iiHMHbix 
30 n  aacTHU  >Keae3Hbix  noponiKOB  h  cnexeiiHux 
MaTepHaaoB  na  hx  ochobc,  ucaioabaya  mcto,x 

MHKpOTBCpaOCTH  [1]. 

Ha  nepBOM  3Tarie  pa6oTbi  orpannHH- 
ancb  onpeaeaenHCM  m h icpoTBep/rocni  oxaeab- 
Hbix  aacxHU  noponiKOB.  cawxaa  hx  CBo6oanbiMH 
or  xaxHX-miSo  npiiMcceri  (HCKyccTBemibix  nan 
npupoaHbix).  IWA  aero  Hcno;ib30Baai!  cjiyuxmio- 
HaabHVK)  3aBHCHM0CTb  [1-3]: 


H„  =  2.92 


V  dl 


Py 


CD 


rae  a  -  Koa^xjjHUHeHT  nponopuHonajibHOCTH, 
yaHTbiBaiomHH  cuabi  orxaaKH Banna  vie>ic,ay  aTO- 
Mavni  h  3aBHcauiHH  ot  BaaenTHoro  Tuna  coean- 
neima  (coornouienHa  BaxieinHOCTH  annona  h  xa- 
THOHa);  k  -  K03cj)(})HHHenT  OTHOcirrejibHOH  ripoa- 
HOCTH  XMMHaeCXOH  CB5I3H,  Henocpc/ICTBCHHO  3a- 
BHCflUTHH  OT  CieilCHH  X 0 B Bj3 C HT H 0 CT H ;  COk,  0)„  - 
BajieHTHocTH  xaiHona  h  anHona;  d  -  MoxaroviHoe 
paccToanne.  A;  (3  -  xo3cj)(|3HHHCHT  ocaaSaenna 
npoanoc™  CBjrni  Moray  aTOMaMH,  o6yc.noB.ncii- 
Hbin  He  npuHHMaiourmiH  yaacxne  b  xhmhhccxoh 
cbb3h  BaaenTHbiMH  s  nail  d  aaexrponaMn;  y  -  xo- 
3([ir})iiHHeHT  ynaxoBKH  3tomob,  onpeaeaaeMbiri  hx 
xoopa h na uhoh h bi m  aHcaoM.  ^arinaa  c])opMyaa 
cripaBeaanBaaaa  Seaae^exTHbix  aacTHn. 

MnxpoTBepaocxb  MHoroKOMnoHeirmoro 
Maxepnaaa  mo>kct  6biTb  paccairrana  no  ({moeoMy 
cocTaBy  na  ocuoBaHim  xaxona  a/a/iHTH bi iocth  rio 
MiixpoTBcpaocTn  oraeatHbix  cocxaBJimomux: 

H  f .  =  Z  H  ra,  ,  (2) 

i  =- 1 


iyre  H fi  -  MnxpoTBepaocxb  cjiaaoBon  cocTaB- 

a a io men  (c[>eppHTa,  neMeHTHTa,  reMaxirra.  Mai  ne- 
THia),  paccamaimaa  no  (j)op\iyae  (1);  a,  -  otho- 
cnxeabHoe  coaep>xanHe  xex  (JiaaoBbix  cocxaB- 
aaioim-ix  b  o6i>e\ie  MaTepnaaa  nopomxa. 

H3BCCXII0,  h to  npoHHocTb  Maxepnana 
3aBHCHT  ox  ero  TBepaocxn.  Ji; ia  oripeaeaenna  xa- 
paxTcpHCTHK  npoHiiocxH  MacTnu  nopoujxa  B  3a- 

BHCHMOCTH  OX  HX  TBep/lOCTH  BOCnOilb3yeMCfl 

ypaBnenii«MH,  noayHeniibiMH  b  pa6oxax  [5,6], 

M3BeCTH0,  4X0  MCTOa  M H KpOTB  CpZIOCTH 
OTanHaerca  ot  ncribiTamm  Ha  TBcpaocTb  no  we- 
xo/iy  Buxxepca  Toabxo  MenbiiniMH  narpysxaMH 
[5],  H  II  GOTO  MV  TBCpflOCTb  H  BHXXepcy  H  MHXpO- 
TBepaocTb  6e3  yncra  ynpyroro  BoeexaHOBaemm 
Anaronaan  BbipavxaioxcH  tcmh  ace  HucnaMH. 
KpoMe  toxo.  b  oripcjeaemiOM  nine  pa  ace  HV  < 
400  TBepaocrb  rio  Biixxepcy  paBiia  TBepjoc  rn  no 
Bpinieaio  [5],  nooTOMV,  oHeBiiano,  mohcho  aami- 
caTi> : 

HV  =  Hm  =  HB.  (5) 

C  yneTOM  Bbipaaceniia  (5)  bo3Mo>kho 
Hcno.rib30BanHC  3aBnciiM0CTH  Moxjy  TBepaoci  bio 
no  Gpnne/iK)  h  ApyniMH  MexaHnnecxiiMn  xapax- 
TC  p  H  CTH  K  a  M  H 

aT  =  0.333HB  =  0,333HU ,  (6) 

ob  =  0.36HB  =  0.361  l(l  (7) 

Orcio,xa,  yninbrnaa  Bbipa>xenna  (1)  n 
(2).  II0JIV4HM 


.  r.J  ,  COM  ,  _  V 

=  l,05^iAi  -~07)  • 

(8) 

=  0.972^,  C°kC°"-py  j 

,  (9) 

=  0-36 Z //„/', . 

(=■■  1 

(10) 

,  =  0.333Z  H„o, . 

(H) 

/  =  ! 
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CpaBHeHHe  nojiyneHHbix  pe3yjibTaTOB 
noKa3biBaeT  yzioBJieTBopHTeJibHoe  comacne  npe- 
nejia  npoHHOCTH,  noJiyieHHoe  no  pa3JWHHbiM  3a- 
BHCHMOCTHM  (3)  -  (10). 

XapaKTepHCTHKH  ripoMHOCTH,  nojiyneH- 
Hbie  ana  acene3Hbix  nopouiKOB  no  BbipancenHflM 
(8)  -  (10),  oneBnaHO,  cnpaBeanuBbi  aaa  6e3£e- 
cjjeKTHoro  MaTepnana  n  3HaHHTeabHO  npeBbiuiaiOT 
npoMHOCTb  peaabHbix  nacTnu. 

MexannHecKHe  xapaKTepncTHKH  MaTC- 
pnanoB  3HaHHTe;ibHO  Hi«e  npoMHOCTH  oxAejib- 
Hb!X  HCXOAHbIX  naCTHU,  MTO  TOBOpHT  O  HAnHHHH 
pe3epBa  nponHocTU,  3aao>KeHHoro  b  ncxoanbix 
nacmnax  fbcjxfieKT  MUKponpoHnocTn”),  npn 
peaan3auHH  KOToporo  bo3moacho  3HannTeabHoe 
yBenHHemie  npoMHOCTH  MaTcpnaaoB. 

C  yBeanneHneM  nponHOCTH  HacTnu  ny- 
xe\i  hx  nernpoBaHHa  B03pacxaex  n  nponnocxb 
cneneHHbix  MaTepnanoB  Ha  nx  ocHOBe. 

Ha  ocuoBaHHH  BbiTiienBao'/Keimoro 
mo>kho  BbicKa3axb  caeayiomee: 

1.  noayHeHHbie  BbipaaceHna  (2),  (6)- 
(]  1)  no3BoaaK)x  c  aocTaxoMHon  xoHnocxbK)  oue- 
HHXb  xBepaocxb  h  npoHHoexb  MaTepnana  HacTnu 
>i<eae3noro  rioponiKa. 

2.  MaTepnan  HacTnn  acene3Horo  no- 
pouiKa  HMeeT  nponHocTb  Bbirne  nponnocTn  MaTe- 
pnana,  cneneHHoro  H3  ancaMSaa  3thx  ace  nacTnu. 

3.  HacTHUbi  nernpoBaHHoro  aeene3Horo 
nopomKa  h  MaTepnanbi  Ha  hx  ochobc  hmciot 
SojibinyK)  npoMHOCTb  no  cpaBHenmo  c  Henernpo- 
BaHHblMH. 

4.  U,enecoo6pa3Ha  pa3pa6oTKa  mctoaob 
nony-ieHna  MaTepnanoB  noBbimeHHon  npoMHOCTH 
c  Hcnoab30BaHneM  BbiflBJieHHoro  “ac^erra  mhk- 
ponpOMHOCTH”  nacTHU  nopoiiJKOB. 
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A  WAYS  FOR  IMPROVING  QUALITY  OF  POWDER  TOOL  STEELS 

Poznvak  L.A.,  Ulshin  V.I.,  Tychomyrov  S.V.,  Sorokin  U.V. 

Institute  for  Problems  of  Materials  Science 
National  Academy  of  Sciences  of  the  Ukraine,  Kiev,  Ukraine 


The  possibilities  of  improving  of  operational 
properties  of  a  carbide  hardened  tool  due  to 
alloying  are  now  practically  depleted.  The  further 
increase  of  tool  service  life  can  be  done  only  by 
application  in  manufacture  of  high-alloyed  tool 
steels:  modifying  and  microalloying,  special  ways 
of  smelting,  treatment  outside  of  the  furnace  and 
also  application  of  new  powder  metallurgical 
practices  including  Osprey,  that  provides 
improvement  of  microstructure  and  properties. 

Distinctive  feature  of  powder  steels  obtained 
by  dispersion  of  liquid  metal  is  high  speed  of  a 
crystallization  of  a  powder  (103  -  105  °C/sec.).  Due 
to  this  it  is  possible  to  obtain  structure  completely 
distinct  from  structures  formed  at  low 
solidification  rates  of  liquid  metal  in  ingo’s. 

Proceeding  from  this,  in  manufacturing  of 
powders  of  a  high-speed  steel  of  the  grade  M3  the 
decision  was  made  to  combine  overheating 
technology  of  a  melt  and  technology  of  gas 
dispersion.  The  choice  of  temperature  of  a  melt 
overheating  is  pioved  by  presence  of  a  hysteresis 
of  properties  (density,  viscosity  etc.)  in 
overheating  it  up  to  certain  temperature  higher 
than  a  liquidus  temperature  (T,)  for  the  given  steel 
grade.  The  melt  thus  becomes  more 
homogeneous.  Temperature  of  a  melt  has  been 
lowered  up  to  1 580-1 600°C  before  dispersion. 
Dispersion  of  a  melt  of  steel  M3  was  catried  out 
by  nitrogen  at  pressure  0.8  MPa.  The  shape  of  a 
powder  is  mainly  spherical  in  a  particle-size 
distribution  -630  +50  pm.  The  particles  of  more 
then  630  pm  size  had  less  than  3  %  of  blanket 
mass,  fractions  with  the  size  less  100  pm  were 
about  52  %,  and  fractions  by  the  size  -630+500pm 
were  about  6  %  (Table  1). 


Table  1.  Technological  characteristics  of 
powders  and  powder  compacts  from  steel  M3. 


JVe 

The  technology  of 
powders 
preparation 

Fraction  % 

clOOpm 

>500 pm 

1 

Usual 

45,0 

7,0 

2 

With  overheating 
of  a  melt 

52,0 

•  6,0 

■e 

Continuation  of  Table  1 


Density,  g/cm3  (%) 

Bulk 

Pressing 

Comp¬ 

ression, 

(%) 

Sintering 

Shrinkage, 

(%) 

4,6 

(57) 

6,3 

(78) 

23 

6,4 

(79) 

1,0 

5,0 

(62) 

6,4 

(79) 

17 

6,9 

(85) 

6,0 

The  powders  of  steel  M3  obtain  by  usual 
technology  of  dispersion  at  1580-1600°C 
contained  45  %  of  particles  with  the  size  <  100pm 
and  7  %  with  the  size  -630+500  pm.  It  follows 
from  above,  that  the  homogenization  and 
thermodynamic  stabilization  of  a  melt  displaces  a 
particle-size  distribution  -630+100  pm  towards 
finer  fractions  in  comparison  with  usual 
dispersion. 

The  photos  of  microstructures  of  a  powder 
of  high-speed  steel  M3  without  overheating  and 
with  overheating  of  a  melt  are  shown  in  Fig.  1 . 


Fig.  1.  Structure  of  a  powder  of  steel  M3 
(xlOOO): 

a  -  usual  dispersion; 

b  -  with  overheating  of  a  melt  before 

dispersion. 

The  dendrite-cellular  structure  is 
characteristic  for  usual  dispersion,  while  for 
dispersion  with  overheating  -  cellulai  stiucture 
with  a  high  degree  of  uniformity'  and  finely 
dispersed  equiaxial  grains  representing  a  strongly 
supersaturated  (metastable)  solid  solution  with 
practically  complete  degeneration  of  eutectic 
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carbides  on  boundaries  of  granular  structure,  as 
we  see  from  Fig.  1. 

The  technological  characteristics  of 
powders  and  powder  compacts  from  a  high-speed 
steel  M3  after  sowing,  pressing  and  sintering  are 
given  in  the  Table  1 . 

Compacts  from  powders  were  obtained  by 
static  pressing  in  a  floating  lower  die  at  loading 
800-900MPa.  The  sintering  was  carried  out  in  a 
vacuum  furnace  at  1 1 80°C  for  1  hour. 

The  solidification  shrinkage  at  sintering  of 
tests  pieces  fabricated  from  powders  with 
overheating  is  equal  to  6  %.  It  is  determined  by 
difficult  kinetics  and  sequence  of  transformation 
of  a  supersaturated  solid  solution  (metastable 
structures):  a  structural  relaxation,  lamination, 
dissolution,  crystallization  and  growth  of  a  grains. 
Thus  driving  forces  of  these  processes  are:  a 
fluctuation  of  chemical  composition  arising  in 
decomposition  of  strongly  supersaturated 
metastable  solid  solutions  and  excess  of  grain¬ 
boundary  energy. 

The  testing  results  on  resistance  of  end 
milling  cutters  by  a  diameter  10mm  from  steel  M3 
at  milling  of  mortises  in  blanks  from  a  stainless 
steel  such  as  S  32100  have  shown,  that  the 
resistance  of  steel  fabricated  from  powders  with 
application  overheating  of  a  melt  is  2,5  times 
higher  than  that  of  standards  powder  steel  M3- 
PM. 

The  development  of  technology  for  making 
blanks  with  the  given  shape  by  a  method  of 
dispersion  by  gas  of  liquid  metal  and  deposition  of 
a  jet  of  liquid  and  solid  -  liquid  drops  (particles) 
on  a  substrate  (OSPREY-process)  was  caused  by 
problems  of  pollution  of  alloys  by  oxides  of 
powders  and  also  with  the  purpose  to  speed  up  the 
whole  process  of  manufacturing  alloys,  as  it 
excludes  a  lot  of  power-intensive  operations,  such 
as:  dispersal  of  a  powder,  annealing, 

degasification  of  capsules,  cold  hydrostatic 
pressing  and  hot  gas-static  pressing. 

The  blanks  of  tool  steels  have  been 
produced  on  laboratory  unit  for  gas  dispersion  of 
liquid  metal  by  OSPREY  technology.  The  rate  of 
dispersion  is  about  30  kg/min.  Density  of  blanks 
is  96-98%. 

Figure  2  shows  the  micrographs  of  steel  M3 
structure  of  blanks  after  annealing,  which  were 
produced  by  usual  dispersion  technology  (a)  and 
with  meet  overheating  (b),  respectively.  The  size 
of  a  carbide  is  less  than  1,5  pm. 


annealing  of  blanks  (x600) 

a  -  by  usual  dispersion  technology; 
b  -  with  overheating  of  a  melt. 

Mechanical  testing  showed  that  steel  M3 
obtained  by  OSPREY-process  with  melt 
overheating  and  by  traditional  PM  have 
practically  identical  mechanical  properties. 

Thus  powder  high-speed  steels  made 
from  a  powder  produced  with  application  of 
overheating  of  a  melt,  are  perspective  for 
manufacture  of  the  cutting  tool  not  only 
because  of  fabricability  of  processes  at  stages 
of  pressing  and  sintering,  but  also  on  their 
high  serviceability.  Thus,  received  results 
specify  the  large  availability  of  new  economic 
technology  OSPREY-process  for  making 
blanks  of  fine  steels  and  expediency  of 
holding  further  explorations  on  development 
and  realization  of  this  technology  in  an 
industry. 
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EVOLUTION  OF  PRIMARY  IRONMAKING  TO  THE  UNTRADITIONAL 
COKE-LESS  TECHNOLOGY  WITH  POWER  GENERATION 

Tovarovskiy  I.G. 

Iron  and  Steel  Institute  NAS  of  Ukraine  by  name  of  Z.I.  Nekrasov,  Dnepropetrovsk,  Ukraine 


The  traditional  metallurgical  technology,  basically 
of  which  is  the  blast  furnace  technology,  was  bom 
from  primitive  method  of  reception  of  metal  in 
bloomery  hearthes  more  than  six  centuries  ago.  It 
was  developed  under  influence  of  growth  of  the 
requirement  in  metal  by  reduction  of  the  resources 
base  of  the  production.  During  the  XlV-rXIX-th 
centuries  the  blast  furnace  technology  developed 
by  increasing  rates,  which  have  not  decreased  also 
in  XX  century.  The  growth  of  specific  productivity 
of  the  best  blast  furnaces  in  the  end  of  each  cen¬ 
tury  was  exponential  and  the  decrease  of  a  specific 
coke  rate  -  close  to  linear,  that  testifies  the  large 
internal  reserves  of  blast  furnace  technology  .  De¬ 
crease  of  the  heat  consumption  and  the  replace¬ 
ment  of  coke  by  less  deficit  fuels  have  resulted  in 
decrease  of  coke  consumption  on  separate  furnaces 
to  the  end  of  XX-s  century  up  to  270-280  kg/thm. 
By  injection  of  coal  gasification  products  the  coke 
rate  may  by  decreased  to  the  level  of  180-200 
kg/thm  [1]. 

The  development  of  coke-less  metallurgy  as  alter¬ 
natives  to  classical  sinter-coke-blast-fumace 
scheme  has  gone  by  the  way  of  division  of  the 
solid-  and  liquid-phases  processes  with  realization 
them  in  different  units.  It  caused  new  problems, 
that  results  in  increasing  of  the  energy  consump¬ 
tion  and  returning  to  the  integrated  technologies, 
one  of  which  -  COREX  has  received  industrial  re¬ 
alization. 

The  most  effective  direction  of  the  further  devel¬ 
opment  is  the  coke-less  blast  furnace  technology 
with  injection  of  coal  gasification  products.  Tire 
bases  of  this  technology  were  developed  at  the 
Iron  and  Steel  Institute  of  National  Academy  of 
science  of  Ukraine.  The  main  goal  researches  con¬ 
sists  in  development  pulverized  coal  gasifying  re¬ 
actor  for  generating  hot  reduction  gas  injected  into 
the  blast  furnaces  and  units  of  coke-less  metal  pro¬ 
duction  [2]. 

It  is  supposed  to  replace  in  the  blast  furnace  more 
then  a  half  quantity  of  coke  by  noncoking  coal  (in 
limit  -  coke  rate  up  to  1 80-200  kg/thm)  at  the  first 
stage,  and  on  second  -  creation  of  new  coke-less 
technology  for  primary  metal  production. 


*  The  tuyere  reactor-gasifier  is  developed  and  par¬ 
tially  tested.  It  construction  futures  allow  to  put  it 
into  existing  tuyere  device  of  the  blast  furnace 
(Figure  1). 


The  second  development  part  supposes  reorgani¬ 
zation  of  blast  furnace  on  coke-less  technology.  It 
means  reconstruction  of  the  traditional  blast  fur¬ 
naces  to  the  furnaces  (Figure  2)  with  hot  reduction 
gases  injection  through  established  around  hearth 
pulverized  coal  reactors-gasifiers  (10)  and  dividing 
of  furnace  space  into  a  zone  solid  phase  reduction 
(1 -shaft)  and  smelting-reduction  hearth  (3)  with 
arch  (4)  -  bottom  for  shaft.  Charge  of  materials 
from  shaft  into  hearth  is  carried  out  by  transporting 
screws  (5)  through  gutters  (6),  and  the  gas  from 
hearth  in  shaft  acts  through  gas  branch  pipes  (7) 
after  cooling  up  to  900°C. 


Fig.2.  Coke-less  blast  furnace 
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The  realization  of  new  technology  will  allow  to 
reduce  the  price  of  metal  by  20  %  and  gives  re¬ 
paying  of  capital  expenses  less  then  1  year.  Side 
benefits  of  technology  are  an  opportunity  of  re¬ 
ception  of  metal  with  the  adjustable  contents  of 
carbon  (down  to  steel)  and  preservation  of  an  ex¬ 
isting  infrastructure  of  metallurgy. 

The  blast  furnace  technology  as  a  uniform  techni¬ 
cal  organism  that  was  build  up  during  the  evolu¬ 
tion  has  its  system  properties,  which  excludes  the 
attempts  of  its  “division".  Therefore  it  remains  the 
determining  technological  module  of  ferrous  met¬ 
allurgy,  the  development  of  which  will  form  shape 
of  whole  metallurgical  complex.  The  further  evo¬ 
lution  with  its  reorganization  to  coke-less  iron¬ 
making  completely  determines  its  dominant  items 
in  metallurgy  [2,3],  4 

Besides  of  metallurgical  functions  (melting  of  pig- 
iron,  ferroalloys  and  special  slags)  the  blast  fur¬ 
nace  will  execute  power  functions  (reception  of 
gaseous  fuel )  and  sanitary-ecological  functions 
(waste  products  processing). 

The  power  functions  can  be  and  must  be  ex¬ 
tended.  In  usual  on  balance  of  metal  conditions 
some  blast  furnaces  are  liberated  and  are  suitable 
for  performance  of  function  of  coal  gasification. 
The  received  reducing  gas  can  be  used  as  for  in¬ 
jecting  in  others  blast  furnaces  for  replacement  of 
natural  gas  and  coke  [4-6],  and  for  use  in  other 
technological  and  power  units  including  coke  ov¬ 
ens  as  a  high-heating  fuel.  So  the  structure  of  fuel 
balance  of  the  work  can  be  rationalized  .  This  task 
can  be  decided  by  replacement  natural  gas  by 
coke  gas  on  the  blast  furnace  technology,  earlier 
developed  by  Iron  and  Steel  Institute  [7], 

The  main  feature  of  use  of  the  blast  furnace  as  a 
gas  producer  is  that  temperature  of  gases,  depart¬ 
ing  from  a  stock  column,  should  exceed  a  level,  at 
which  there  is  an  intensive  stressing  of  pitches  ad¬ 
versely  influencing  a  condition  of  gas  pipelines 
and  complicating  technology.  Most  intensively 
pitches  are  allocated  in  an  interval  300  -  500  °C, 
and  at  temperatures  is  higher  840°C  there  is  their 
breaking-up.  As  the  maintenance  of  temperature 
of  a  top  gas  at  a  level,  demanded  on  the  specified 
conditions.  (>  500°C)  is  inadmissible  on  condi¬ 
tions  of  a  service  of  the  equipment  of  charging,  it 
is  necessary  to  apply  untraditional  reception  - 
shaip  refrigeration  of  gas  at  a  run-out  from  a 
melting  stock  column. 


Essence  of  reception  that  above  a  stock  level  of 
materials,  which  have  at  the  bottom  edge  of  a 
shaft  top,  on  a  circle  establish  tuyeres  for  injecting 
cooled  top  gas  (50-80°C),  that  allows  after  melting 
it  with  mine  gas  to  receive  temperature  of  a  300- 
500°C  top  gas,  departing  from  the  furnace.  The 
heat-eliminating  gas  recirculate  in  the  system. 
Off-site  gas  can  be  added  to  it.  The  quantity  of  re¬ 
circulating  gas  can  be  determined  from  simple 
balance  ratio  of  gas  components.  At  a  choice  coals 
it  is  necessary  to  prefer  hard  (non-bitumnious) 
coals,  which  allocate  at  heating  insignificant 
quantity  of  pitches  and  are  accessible  enough. 

While  run  on  the  specified  technology  a  blast  fur¬ 
nace  of  volume  2000  m3  the  quantity  of  gasifica¬ 
tion  coal  will  make  at  least  1500  t/day,  manufac¬ 
ture  of  gas  208000  M3/h,  and  metal  570  t  /day.  At 
the  expense  of  the  made  gas  can  be  released 
33000  MJ/h  of  natural  gas,  that  will  match  to  an¬ 
nual  economic  benefit  23  million  Dollars  USA  at 
capital  expenses,  commensurable  with  expenses 
on  dismantling  of  the  blast  furnace. 
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INFLUENCE  OF  MELTING  CONDITIONS  AND  OF  ALLOYING  WITH  TRANSITION 
AND  RARE-EARTH  METALS  ON  STRUCTURE  AND  PROPERTIES 
OF  HIGH-STRENGTH  ALUMINUM  ALLOYS 

Patsyna  R.V.,  Voropaev  V.S.,  Goncharuk  V.A.,  Danylenko  M.I.,  Zakharova  N.P.,  Lotsko  D.V., 

Milman  Yu.V.,  Samelyuk  A.V.,  Sirko  O.I. 

I.M.Frantsevych  Institute  for  Problems  of  Material  Science  of  NAS  of  Ukraine,  Kyyiv,  Ukraine 


Alloys  of  the  AI-Zn-Mg-Cu  system  belong  to 
the  most  high-strength  aluminum  alloys[  1  -3].  The 
content  of  the  main  alloying  components  in  these 
alloys  is:  Zn  -  (5-8.5)  wt.  %,  Mg  -  (2.0-3. 0)  wt.  %, 
Cu -(1. 0-2.3)  wt.%. 

The  most  studied  alloys  of  this  system  are  the 
alloy  7075  that  contains  about  0.2  %  Cr  (USA)  as 
well  as  the  alloys  V95  and  V96Ts  (Russia)  alloyed 
with  (Cr  +  Mn)  and  (Zr  +  Mn),  respectively.  After 
the  T1  (T6  in  USA)  thermal  treatment  that  consists 
in  alloy  solid  solution  treatment  with  subsequent 
aging  at  an  optimum  temperature  the  highest 
tensile  test  properties  a02  =  608  MPa,  gv  =  650 
MPa,  §  =  5%  were  observed  in  extruded  rods  of 
the  alloy  V96Tsl. 

A  further  growth  of  strength  can  be  achieved 
on  the  account  of  increasing  the  content  of  the 
main  alloying  elements  Zn  and  Mg,  i.e.  of 
increasing  the  amount  of  the  r|'  hardening  phase. 
This  way  leads  to  a  significant  lowering  of  alloy 
ductility,  in  a  large  part  due  to  the  precipitation  in 
grain  and  subgrain  boundaries  of  rather  coarse 
MgZn2  and  Al3Mg3Zn2  intermetallics. 

Improving  the  melting  conditions  in 
combination  with  an  additional  alloying  that 
influences  the  size  of  grains,  subgrains  and 
intermetallic  precipitates  may  allow  to  achieve  a 
combination  of  high  strength  properties  with  good 
ductility  in  high-strength  wrought  alloys  of  Al-Zn- 
Mg-Cu  system. 

It  is  known  that  strength  and  ductility  of 
wrought  alloy  samples  that  after  the 
thermomechanical  and  thermal  treatments 
preserved  a  non-recrystallized  fiberlike  structure 
are  as  a  rule  higher  than  in  samples  with  a 
recrystallized  structure.  The  most  effective  way  for 
increasing  the  recrystallization  temperature  in 
aluminum  alloys  is  introducing  small  additions  of 
scandium  or  scandium  together  with  zirconium  [4]. 

It  is  also  shown  a  favorable  influence  of  these 
additions  on  the  formation  in  wrought  semi¬ 
products  of  a  uniform  substructure  with  fine 
equiaxial  cells  [4,  5],  The  additional  optimum 
alloying  by  transition  metals  (TM)  and  rare-earth 
metals  (REM)  may  also  influence  the  formation  of 
the  cellular  structure  as  well  as  the  formation  of 
precipitates  while  aging,  and  consequently  the 


level  of  mechanical  properties. 

In  this  work  the  results  of  investigating  the 
influence  of  various  melting  techniques  as  well  as 
TM  and  REM  additions  (Zr,  Sc,  Mn,  Ti,  Ni,  Nb, 
Ce,  Cr,  Hf)  on  the  structure  and  mechanical 
properties  of  the  alloy  Al-9Zn-3Mg-2.3Cu  are 
presented. 

Melting  was  carried  out  in  an  induction 
furnace  in  graphite  and  ceramic  crucibles  in  the  air 
or  with  the  use  of  blowing  the  melt  by  argon.  The 
melt  was  poured  through  a  hole  in  the  bottom  part 
of  the  crucible  with  using  a  ceramic  filter  or 
without  it  into  a  water-cooled  copper  mold. 

Ingots  of  55  mm  in  diameter  and  of  130  mm  in 
height  were  extruded  to  rods  6  mm  in  diameter 
(extrusion  ratio  X  =  81)  at  a  temperature  of  400  °C. 

Structure  of  ingots  and  rods  was  studied  by 
light  as  well  as  transmission  and  scanning  electron 
microscopy.  The  distribution  of  chemical  elements 
in  the  structure  of  as-cast  and  wrought  metal  was 
investigated  in  a  Superprobe-737  device.  To  follow 
the  strength  in  various  stages  of  alloy  treatment  the 
Vickers  hardness  was  measured.  Tensile  tests  were 
carried  out  for  samples  of  rods  in  Tl  condition 
with  the  gauge  diameter  of  3  mm  and  the  gauge 
length  of  15  mm. 

It  is  shown  that  after  melting  in  the  graphite 
crucible  ingots  contained  graphite  inclusions  that 
led  to  lowering  the  ductility  of  wrought  alloys.  The 
substitution  of  graphite  crucibles  for  ceramic  ones 
with  using  filters  facilitated  the  removal  of 
inclusions  that  deteriorated  the  ingot  quality.  A 
more  complete  purification  of  the  melt  from  oxides 
was  provided  by  the  use  of  blowing  the  melt  by 
argon.  Monitoring  the  ingot  quality  was  carried  out 
by  the  ’’Dobatkin  test”  [6]  technique  (Fig.  1  a,  b). 

A  rod  sample  from  the  alloy  Al-9Zn-3Mg- 
2.3Cu  manufactured  in  the  graphite  crucible  in  the 
air  was  completely  recrystallized  and  failed  during 
tensile  test  without  signs  of  macroplastic 
deformation,  the  fracture  being  mainly 
intercrystalline.  A  rod  sample  of  the  same  alloy 
produced  in  the  ceramic  crucible  with  blowing  the 
melt  by  argon  and  pouring  through  a  ceramic  filter 
was  also  completely  recrystallized,  but  showed  a 
high  ductility  8  =  20  %. 
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Evidently,  the  influence  of  Mn  to  a  large  extent  is 
caused  by  solid  solution  hardening  []]. 

Alloying  the  alloy  Ai-9Zn-3Mg-2.3Cu-0.3Mn- 
0.1 5Zi  by  Sc  has  led  to  the  formation  of  a  fine- 
giained  structure  in  ingots  produced  by  both 
techniques,  and  in  extruded  and  T1  treated  rod  the 
stiucture  was  of  a  fiberlike  and  non-rccrvstallized 
character. 

The  Table  shows  that  the  additional  alloying 
by  fM  or  REM  of  the  alloy  containing  Zr.  Sc'and 
Mn  with  using  for  melting  a  ceramic  crucible  and 
blowing  the  melt  by  argon  permitted  to  increase 
the  stiength  characteristics  with  the  preservation  of 
a  good  ductility. 


Figure  1 .  Detection  of  the  content  of  oxide 
films  in  ingots  by  Dobatkin  test: 
a  -  melting  without  blowing  by  argon; 
b  -  melting  with  blowing  by  argon. 


The  structure  of  the  as-cast  alloy  Al-9Zn- 
3Mg-2.3Cu  additionally  alloyed  with  (Mn-i-Zr)  was 
of  a  dendritic  character.  In  the  case  of  using  the 
blowing  by  argon  the  dendrite  structure  was  more 
dearly  delineated,  because  the  content  of  oxides 
that  could  be  crystallization  centers  was  in  this 
case  strongly  reduced. 

In  the  extruded  rod  of  this  alloy  melted  with 
the  use  of  blowing  the  structure  in  T1  condition 
consisted  of  coarse  recrystallizcd  grains  (Fig.  2a). 
Fine  oxides  in  the  alloy  produced  without  blowing 
obviously  retarded  the  growth  of  recrystallized 
grams  themselves  and/or  facilitated  the  formation 
of  retarding  AljZr  particles,  and  the  rod  after  T1 
treatment  remained  non-rccrystallized  (Fig.  2b). 


Figure  2.  Structure  of  TI  treated  extruded  rod  of 
the  alloy  Al-9Zn-3Mg-2.3Cu-0.3Mn-0. 1 5Zr: 

a)  with  the  use  of  blowing  the  melt  by  argon; 

b)  without  blowing  the  melt  by  argon. 


It  is  established  that  introducing  Mn  or 
Mn+Zr  into  the  alloy  AI-9Zn-3Mg-2.3Cu  has  led 
to  the  growth  of  the  strength  of  rod  samples 
together  with  some  lowering  of  the  plasticity. 


I  able.  Tensile  properties  of  Tl  rods  from  ingots 
melted  in  ceramic  crucible  with  blowing  the  melt 
by  argon 
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PRESSURE  WELDING  OF  DISSIMILAR  METALS 

Zamkov  V.N.,  Kireev  L.S.,  Sabokar  VJK, 

E.O.Paton  Electric  Welding  Institute  of  the  NAS  ofUkraine,Kyiv,  Ukraine 


Progress  in  engineering  stipulated  the 
need  to  use  different  materials  in  one  structure 
and.  therefore,  weld  metals  possessing 
different  physical-chemical  properties.  The 
overwhelming  majority  of  pairs  of  structural 
materials  have  a  limited  mutual  solubility  and 
form  brittle  intermelattic  phases  during 
welding.  Thus,  in  welding  dissimilar  metals 
the  proper  choice  of  a  method  and  technology 
for  welding  is  of  a  decisive  importance.  Solid- 
state  welding  holds  the  highest  promise  for 
joining  dissimilar  metals. 

Main  parameters  of  the  process  are- 
temperature,  pressure-  and  time.  As  proved  by 
investigations,  the  welding  temperature  and 
deformation  conditions  should  cause 
relaxation  processes,  and  primarily  dynamic 
recovery  and  recrystallization,  to  occur  in  the 
near-contact  layers,  hi  welding  dissimilar 
metals  it  is  sufficient  that  the  above  near¬ 
contact  processes  occur  in  one,  as  a  rule  more 
ductile,  of  the  metals  welded. 

In  welding  dissimilar  metals  with  a 
limited  mutual  solubility  the  quality  of  a 
welded  joint  is  determined  by  the  processes  of 
mutual  diffusion  of  materials  in  contact. 
Therefore,  the  temperature  and  time  of 
welding  should  be  selected  so  that  they  allow 
avoidance  of  formation,  of  intermetallie  phases 
in  the  joining  zone.  If  there  is  no  way  for 
achieving  it,  then  intermediate  layers  are  used 
in  such  cases. 

The  E.O.Paton  Electric  Welding  Institute 
developed  a  process  for  welding  titanium  to 
other  metals  without  the  use  of  intermediate 
barrier  layers  and  without  formation,  of 
intermetallie  phases  in  the-  contact  zone. 
Welding  is  performed  at  relatively  low  heating 
temperatures  to  retard  diffusion  processes,  as 
well  as  under  high  pressures. 

Welding  is  carried  out  in  collapsible 
mandrels  to  preserve  shape  and'  sizes  of  the 
parts  welded. 


It.  was  experimentally  found  that  for  a 
pair  of  titanium-aluminium  the-  welding 
temperature  is  500-520  °C,  for  titanium-copper 
it  is  500-550  °C  and  for  titanium-steel  -  it  is 
650-690  °C.  Welded  joints  made-  at  such 
temperatures  and  under  appropriate  pressures 
fracture  in  tensile  tests  in  a  less  strong  metal 
(Table). 


Table.  Tensile  strength  of  welded  joints 


|  Materials  joined 

] 

Tensile  strength,  j 
MPa 

Fracture 

location 

fVTl-0  +  ADI 

84-93  i 

Aluminium 

!l2Khl8N10T  +  ADO 

77.9-82.2  i 

Aluminium 

fteoTmI 

228-236  i 

Copper 

JVTl-0  +  2KM3 

486-494  ( 

Titanium 

jVTl-0  +  12KMSN10T 

463-478  i 

Titanium 

The  technology  for  welding  bimetal 
transition  pieces  was  developed.  The  above 
pieces  are  used  then  for  arc  welding  of  the 
corresponding  metals.  For  example,  such 
transition  pieces  were  employed  for  making  of 
an  original  structure  of  the-  all -welded 
titanium-copper  cathode  for  electrolytic 
deposition  of  copper.  Such  a  cathode  has  a 
continuous  service  life  3-5  times  as  long  as  a 
riveted,  cathode,  and  allows  an.  increase  in 
yield  of  deposited  copper  per  time  unit  owing 
to  a  substantial  decrease  in  electrolytic  losses 
at  the  mating  surfaces. 

Titanium-steel  transition  pieces  were 
employed  for  manufacture  of  thermoelectric 
heaters  with  a  titanium  shell  used  to  heat  sea 
water  in  water-desalinating  plants. 
Replacement  of  a  steel  shell  of  the 
thermoelectric  heater  by  a  titanium  one 
allowed  a  fundamental  extension  of  its  service 
life. 

As  shown  by  the  tests  conducted,  the 
described  welding  method  makes  it.  possible  to 
join  dissimilar  metals  with  a  limited  mutual 
solubility,  avoiding  the  use-  of  intermediate 
layers,  and.  provides  mechanical  properties  of 
welded  joints  at  a  level  of  a  less  strong  of  the 
metals  joined. 
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ELABORATING  OF  THE  MULTILAYER  BRAZED  JOINT  OF 
NONMETALLIC  CERAMIC  PLATE  TO  METALLIC  ROD 


Zhuravlev  V.S.,  Naidich  Y.V.,  Grigoriev  O.N., 

Prokopenko  A. A.,  Mosina  T.V.,  Koval  A.Y. 

Institute  for  Problems  of  Materials  Science,  National  Ukrainian  Academy  of  Sciences, 

Kiev,  Ukraine 


The  procedures  of  nonmetallic  ceramic 
plate  to  metallic  rod  nonseparated  joint  obtaining 
by  brazing  are  perspective  in  order  to  solution  of 
a  number  of  technical  problems.  There  are  joints 
of  the  automobile  ceramic  turbine  to  metallic 
shaft,  metallic  electric  current  input  to  ceramic 
heater,  ceramic  cutter  to  metallic  base  etc. 

The  difficulties  of  ceramic  to  metal  brazed 
joints  obtaining  are  caused  by  the  specific  of 
ceramic  material  properties: 

1)  the  thermal  expansion  mismatch  (t.e.m.)  is 
low  in  comparison  to  one  of  metal; 

2)  the  brittleness  is  high; 

3)  the  traditional  metallic  fillers  do  not  wet  the 
ceramic. 

The  complex  solution  of  Si3N4  or  AIN 
ceramic  rod  to  steel  shaft  of  1 2  mm  diameter 
brazed  joint  producing  is  presented  in  the  study. 
The  next  works  have  been  carried  out  in  this  aim. 

1.  It  is  proposed  and  realized  the  brazed  joint 
multilayer  structure,  which  consists  of  several 
brazed  plates  with  set  of  difference  for  t.e.m. 
The  differences  of  t.e.m.  have  been  set  by 
changing  of  the  adjoining  plates  composition. 
The  plates  had  been  prepared  by  hot-pressing 
of  Si3N4-TiN  or  AlN-TiN  powder  mixture 
(t.e.m.  of  Si3N4,  AIN  and  TiN  is  respectively 
3,5x10^  K1,  5, OxlCy6  K'!  h  7,5  xlO'6  K1). 


2.  The  appropriate  compositions  of  the  fillers 
based  on  Cu-Ga-Ti  and  Cu-Sn-Ti  and  the 
conditions  of  the  multilayer  structure  brazing 
process  are  determined. 

3.  The  foil  composite  fillers  of  different 
thickness  up  to  70  pm  are  prepared. 

4.  The  influence  of  the  filler  layer  thickness  on 
the  brazed  joints  strength  is  established.  It  is 
indicate  that  the  brazed  joints  strength  is 
much  greater  than  the  filler  alloy  strength 
when  the  filler  layer  thickness  is  less  than 
30  pm.  The  explanation  of  the  results  is  based 
on  Hall-Petch  effect. 

5.  A  few  methods  of  brazing  process  of  the 
ceramic  disk  to  the  steel  shaft,  e.g.  by  means 
of  the  preliminary  brazed  multilayer 
insertions  (the  diameter  is  12  mm,  the 
thickness  is  8  ^  12  mm),  are  elaborated.  It  is 
discovered  that  the  adjoining  plates 
composition  may  be  changed  no  more  than  of 
10vol.%  at  the  edges  of  insertions  prepared 
with  Si3N4-TiN  mixture.  It  is  shown  the 
perspective  of  hard  alloys  using,  e.g.  BK-8,  as 
the  insertions. 

Torsion  strength  of  the  joints  of  hot- 
pressed  ceramic  (both  based  on  Si3N4  and  based 
on  AIN)  to  steel  is  70  -s- 110  MPa. 
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THE  DEVELOPMENT  OF  THE  TECHNOLOGY  OF  THE  PRODUCTING 
OF  THE  CHEMICALLY  STABLE  POROUS  POLYMERIC  MEMBRANES 
FOR  THE  BAROMEMBRANE  MIXTURE  SEPARATION 

Goncharenko  V.V.,  Gvozd  G.V.,  Churpita  Ya.V.,  Gleevoi  Yu.V.,  Ponirko  E.F. 

National  Thechnical  University  “Kyiv  Polytechnical  Institute”,  Ukraine,  Kyiv 


The  membrane  processes  permits  to  pass  by 
the  energy  unbenefitial  phase  phenomena,  so 
that  why  this  type  of  treatment  seems  to  be 
attractive.  Therefore,  the  membrane 
technologies  are  widely  used  in  the  various 
branches  of  technology,  for  example  to 
remove  disperse  colloides,  ionic  admixtures 
(micro-,  ultra-,  nanofiltration,  reverse 
osmosis)  from  aqueous  solutions,  to  separate 
water-organic  and  gas  mixtures  (cleaning  of 
spent  oil  and  gases  and  so  forth).  It  is  the 
modem  approach  to  solve  such  problems.  In 
Ukraine  the  membrane  methods  employ  to 
treat  the  drinking  and  technical  water, to 
separate  the  gases.  Domestic  membranes  do 
not  produce,  however  there  are  own  Ucrainian 
resourses  for  arrangement  of  the  domestic 
membrane  production.  There  are  developed 
polimer  industry  in  Kalush,  Gorlovka, 
Severodonetsk  (producting  of  polyethylen, 
polypropylen,  polyvinilchloride,  stirol  and 
divinilbenzene  etc.). 

The  process  of  porous  chemically  stable 
membranes  based  on  polyurethan  formation 
by  termoformation  was  developed  in  this 
work.  The  membranes  may  be  used  for  micro- 
,  ultra-,  nanofiltration,  membrane  electrolysis. 

Main  core  of  the  membrane  producting 
technology:  1  stage-preparation  of 

homogenized  polymer  composition  at 
determined  quantity  of  the  porogenerating 
fillers;  2  stage-the  formation  of  the  porous 
membranes  of  equal  maintained  thickness, 
high  mechanic  strengthening  from  the 
granulated  polymer.  To  gomogenize  the 
polymer  composition  the  original  disk  mixer, 
there  mixing,  melting  and  disrergation  make 
in  the  thin  surface  lauer,  has  been  suggested. 


In  the  dependence  on  quantity  of  porous 
agent,  temperature  of  formation,  the  the 
membrane  samples  have  the  characteristics  as 
follows:  the  complete  porousity  of  100-150%, 
average  pore  dimensin  of  0,1 -0,5  jam,  the 
water  capasity  under  tangencial  regime  from 
0,3  to  25  M3/M2  h.  It  has  been  stated,  that  the 
samples  obtained  have  rather  fit  water 
permeability,  and  retention  ability  for  high 
disperse  mechanic  and  colloid  particles 

Main  efforts  will  be  directed  to  detennine  the 
optimum  composition,  to  reach  desirable 
physic-chemical  and  expluatation 

characteristics,  to  optimize  the  technology 
process  and  arrangement,  the  trial  performing 
as  well. 

Main  advantages  of  the  suggested 
membrane  obtaining  method 

•  The  obtaining  of  the  aim  product 
with  the  minimization  of  wastes; 

•  The  possibility  of  technology 
updating  without  resourse  spending. 


The  membrane  formation  realises  by  the 
transfonnation  method. 
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LOW  TEMPERATURE  SYNTHESIS  OF  MICROPOROUS  SILICON 

CARBIDE  MEMBRANES 


Antsiferov  V.N.,  Gilyov  V.G.,  Sung  J.  S.(1),  Kim  T.W.(,),  Choo  K.Y.(1) 

Research  Center  of  Powder  Materials  Science,  Perm,  Russia 
Korea  Institute  of  Energy  Research,  71-2  Jang-dong,  Yoosong,  Daejeon,  Korea 


Silicon  carbide  can  be  used  for  high 
temperature  membrane  separation  because  of  the 
inertness  to  the  corrosive  atmosphere.  Carbon  is 
able  to  adsorb  organic  impurities  from  fluid  like 
as  a  filter  (1,2]. 

As  because  SiC  melting  point  is  Tmei,=2,540°C 
and  the  sintering  temperature  is  0,8  Tmei,  [3],  the 
microporous  silicon  carbide  is  stable  at  high 
temperature.  On  the  other  hand  the  sintering 
temperature  of  the  ultra-dispersed  powders  of  TiN 
and  AIN  is  about  0.45  TmeIt  [4].  Therefore  low 
temperature  SiC  synthesis  is  promising  to  get 
microporous  materials  (5,6]. 

The  reaction  of  Sis  +  Cs  =  SiC  is  studied.  The 
influences  of  specific  surface  on  the  reactive 
mixture,  pressing  and  temperature  are  studied  with 
the  permeability,  durability  of  samples. 

The  surface  40-120  m2/g  of  mixtures  were 
obtained  through  the  grinding  with  ball  mill.  As 
shown  at  Table.  1  we  obtained  the  samples 
with  porosity  of  45-60%,  pore  size  up  to  0.3 
pm  measured  by  the  bubbling  method  and 
specific  surface  area  of  48  m2/g. 


Table  1.  Characteristics  of  SiC  synthesized  in  argon 


Ssp. 

mix. 

m2/g 

Pressing 

pressure, 

MP 

Sinterin 
T,  °C, 
time,  h 

Porosity 

% 

Dpor> 

pm 

Ssp, 

m2/g 

85 

50 

1600-1 

61 

0,5 

5,9 

85 

100 

1600-1 

58 

0,47 

6,5 

85 

150 

1600-1 

54 

0,41 

11,0 

32 

50 

1300-2 

57 

0,5 

24,2 

85 

50 

1600-0,5 

57 

0,36 

8,2 

32 

50 

1600-0,5 

56 

1,0 

2,3 

85 

- 

1600-2 

58 

0,56 

3,6 

61 

50 

150-0,3 

47 

- 

28,7 

115 

50 

150-0,3 

54 

- 

37,9 

115 

50 

650-0,1 

59 

- 

2,6 

46 

50 

650-0,1 

50 

- 

3,7 

115' 

50 

1100-0.5 

54 

- 

48.7 

As  shown  at  the  X-Ray  analysis  (Fig.l)  the 
high-dispersed  mixture  (Ssp  =  115  m2/g)  is 


1  Synthesis  at  C02  atmosphere 


completely  synthesized  to  SiC  for  0.33  hours  at 
1 150°C  in  argon  atmosphere.  With  the  high- 
dispersed  mixture  of  Ssp  =  61  m2/g  there  are  not- 
reacted  silicon  quantities. 


Si 


15  20  25  30  35  40  45  50  55  60  65  70  75  80  85 

20,  degrees 


Fig  1.  X-Ray  diffraction  (X,  KaCo)  of  SiC  samples 
synthesized  at  argon  atmosphere  at  various 
synthesis  modes:  1  -1650°C,  0.17  h.  115  m2/g 
(Ssp,  mix);  2  -  1 150°C,  0.33  h,  61  m2/g;  3  - 
1150°C,  0.33  h,  1 1 5  m2/g 

Table  2  shows  the  nitrogen  isotherm  of  samples. 
As  the  micro  pore  (radius)  size  is  about  2, 8-3,7  nm, 
SiC  membrane  may  be  used  as  a  filter  to  separate 
water  from  the  organic  molecules  such  as  methylene 
blue  and  phenol. 

With  the  porosity  50%  (at  Ssp  =  30  m2/g;  Sspv  = 
50  m2/cm3)  the  effective  pore  radius  estimated  to  be 
20  nm  by  the  equation  of  rp  =  2P/Syj,,  which  is 
comparable  to  hydrogen  selective  nanoporous 
membranes. 
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Table. 2.  SiC  pore  structure  (N2  adsorption  isotherm) 


Ssp  of  mix, 
m'/g 

u 

32 

115 

Sintering 

T,°C 

1600 

1600 

1150 

1100 

Sintering 
hours,  h 

1 

2 

0,5 

Sintering 

medium 

| 

Ar 

Ar 

Ar 

■ 

Porosity,  % 

■ 

- 

57 

54 

Sbet>  / g 

in 

48,3 

SMe,  mz/g 

ESI 

mm 

16,2 

30,0 

44,7 

VMi,  cm7g 

0,007 

0,015 

0,020 

VMe,  cm7g 

0,008 

0,012 

0,019 

Ws,  cm7r 

0,011 

0,016 

0,026 

ngjg?a 

rPi,  nm 

mm 

BM 

mm 

Therefore,  the  low-temperature  synthesis  method 
is  useful  to  make  the  porous  silicon  carbide  with  high 
specific  surface  (up  to  48  m2/g)  with  micro  pores 
volume  VMi  =  0,020  cm3/g. 

Usually  the  tensile  strength  of  the  SiC  obtained 
by  normal  sintering  of  powders  is  improved  as  the 
synthesis  temperature  increase.  In  the  case  of  the 
reactive  sintering  such  as  the  SiC  obtained  by  SiT  + 
CT  =  SiC,  the  tensile  strength  increase  along  with 
temperature  decrease.  Obviously,  it  is  correlated  to 
the  pore  size  of  synthesizing  materials.  Macro-pores 
formed  at  high  temperature  of  synthesis  and  longer 
isotherm  expositions  decrease  the  tensile  strength  of 
material. 

These  low  temperature  reactive  sintering 
method  could  be  used  to  make  the  two  layers 
membrane  selective  coating  where  two  layer 
membranes  are  coated  by  nanoporous  SiC  on  the 
substrates  made  of  SiC  and  alumina  oxide. 

To  obtain  two-layer  coated  membrane  the 
high-dispersed  mixture  of  Si-30%C  was  used,  of 
which  specific  surface  was  115  m2/g.  The  mixture 
was  coated  on  the  substrate  by  layer  and  pressed  by 
pressure  25  MPa.  Sintering  of  reactive  layers  was 
done  in  argon  atmosphere  at  1100°C  within  30 
minutes.  The  thickness  of  membrane  layer, 
estimated  by  the  mass  of  coating  is  about  200  pm. 
The  obtained  layer  strength  withstands  the  test  of 
reverse  gas  blowing  at  5  Bars. 

Permeability  of  two-layered  membrane  for  the 
hydrogen  is  3.3  times  higher  than  that  for  nitrogen. 

Proportion  is  closed  to  3,7,  as  per  Knudsen 
equation  for  diffusion  coefficient  [7]: 


L  l8RT 

3  \  nM  t  ’ 


(1) 


where  Mi  -  mass  of  molecules,  R  -  gas 
constant,  T  -  temperature  °K. 

Dependence  of  gas  flow  rate  on  pressure  drop  is 
linear.  While  for  viscous  flow  usually  gas  flow  rate 
deviate  from  the  linear.  Besides  the  viscosity  of 
nitrogen  and  hydrogen  differs  in  less  than  2  times. 
Accounted  abovementioned  we  can  say  that  in 
selective  layer  Knudsen  flow  is  prevailed,  what  can 
be  reached  at  normal  pressure  in  nanoporous 
materials  only. 

Two-layered  membrane  with  substrate  made  of 
SiC  was  tested  within  water  filtration  with  Mn 
concentration,  1,2  mg//.  After  filtration  this 

concentration  decreased  up  to  0.1  mg//  (measured  by 
atomic-sorption  analysis,  made  by  “Proton” 
measuring  device. 
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The  experimental  results  have  shown  that  a 
sintered  pore-free  composite  imbibes  metal  melt 
[1].  In  the  process  of  metal  melt  imbibition  there 
occurs  a  liquid  flow  in  the  sintered  article  volume, 
deconsolidation  of  high-melting  skeleton  and 
changes  in  the  composite  material  structure.  The 
metal  melts  imbibition  we  called  MMI- 
phenomenon  [1],  The  MMI-phenomenon  occurs 
in  the  following  composite  materials:  WC-Co, 
WC-Ni,  WC-Fe,  WC-TiC-Co,  TiC-Co,  TiC-Ni, 
Cr3C2-Ni,  Fe-Cu,  etc. 

Based  on  MMI-phenomenon  as  well  as  on 
theoretical  and  experimental  studies  of  liquid 
phase  migration  in  the  sintered  article  volume 
[2,3]  the  new  process  of  metal  melts  treatment  of 
a  sintered  article  has  been  devised  (MMT- 
process).  The  MMT-process  allows  the  formation 
of  new  structures  in  a  cemented  carbide  article 
after  its  final  sintering  and  develops  high  physico- 
mechanical  properties  (Table  1).  In  the  Table  1  the 
WC-lOCo  specimens  prepared  by  a  traditional 
procedure  and  the  WC-lOCo-MMT  specimens 
produced  from  WC-6C0  cemented  carbide  by  the 
MMT-process  were  the  same  in  composition,  the 
Co-phase  and  WC  contents,  the  size  of  WC 
particles,  and  differed  in  values  of  specific 
interface  5Vuc/Co.  The  WC-lOCo-MMT  specimen 
featured  a  more  developed  WC/Co  interface 
which  was  responsible  for  higher  values  of 
bending  strength  (abm),  work  of  deformation 
(A  tot)?  plastic  (a)  and  fatigue  characteristics 
(Fig.l)  as  compared  with  the  WC-lOCo  specimen 
[4].  The  develop  WC/Co  surface  of  the  WC- 
lOCo-MMT  specimen  formed  during  the 
imbibition  of  the  cobalt  melt.  This  process  was 
accompanied  by  a  partial  fracture  of  the  carbide 
skeleton  [1],  Addition  of  Ni  caused  a  market 
improvement  in  plastical  and  fatigue 
characteristics  of  the  specimens  (Table  1,  Fig.l), 
in  this  case,  a  slight  decrease  in  abm  and  acomp  was 
observed  as  compared  with  the  reference  WC- 
lOCo-MMT  specimen.  It  should  be  noted  that 
nickel  stabilized  the  cubic  modification  of  cobalt 
in  the  specimens.  Cubic  modification  of  Co  (Co,cc) 
is  more  plastic  phase  as  compared  to  hexagona 
modification  of  Co  (Cohcp).  This  means  that  in 
cemented  carbides  in  which  the  Co-phase  has  a 


cubical  crystal  lattice,  stress  relaxation  proceeds 
easily  by  the  Co-phase  deformation.  Thus,  using 
the  MMT-process,  one  can  produce  cemented 
carbides  with  higher  mechanical  properties. 

The  treatment  of  cemented  carbide  articles  with 
metal  melts  allows  us  to  form  gradient  structures. 
The  MMT-process  comprises  the  analysis  of 
stresses,  which  appear  in  a  cemented  carbide 
article  when  operates,  computer  modeling  of  a 
gradient-structured  article,  solution  of  differential 
equations  for  the  liquid  phase  migration  and 
diffusion,  optimization  of  technological 
conditions  for  an  article  treatment  with  metal 
melts  and  production  of  cemented  carbide  article 
with  gradient  structures  [5],  The  melt  being 
imbibed  can  introduce  into  a  cemented  carbide 
article  various  components,  e.g.  Ti,  Zr,  Hf,  V,  Ta, 
Nb,  Cr,  B,  Si,  Ni,  Al,  Ru,  Re,  Cu,  etc.,  thus 
alloying  the  article  locally.  By  using  different-in- 
composition  metal  melts,  multilayered  composites 
can  be  produced.  Additionally,  this  process 
enables  one  to  control  the  polymorphic 
transformation  of  the  cobalt  phase  and  thus  to 
develop  or  to  suppress  the  formation  of 
nanostructures  in  the  cemented  carbide  at  the 
submicrolevel  [6].  The  process  of  the  cobalt 
polymorphic  transformation  and,  hence,  the 
process  of  the  gradient  substructures  formation 
can  be  controlled  through  the  use  of  alloy 
additives.  Alloying  elements,  which  have  a  great 
affinity  for  carbon,  fonn  substructures  at 
interfaces  due  to  the  precipitation  of  dispersed 
carbide  particles  from  the  liquid  melt  of  the  Co¬ 
phase.  Alloying  elements,  which  have  a  low 
affinity  for  carbon,  form  gradient  substructures  in 
the  Co-phase  due  to  polymorphic  transformation 
of  Co.  Alloying  elements,  which  increase  the 
stacking  fault  energy,  stabilize  the  Co(fcc)  phase, 
while  those,  which  decrease  the  stacking  fault 
energy,  stabilize  the  Co(hcp)  phase  [7]. 

Cemented  carbide  articles  produced  by  the  MMT- 
process  acquire  new  features  (high  reliability  and 
wear  resistance  as  against  the  carbide  articles  with 
homogeneous  properties).  In-process  tests  suggest 
that  the  MMT-process  allows  wear  reduction  on 
milling  cutters  when  mashming  steel  and  iron  by  a 
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factor  of  2  -  3,  on  cutters  when  turning  high- 
temperature  alloys  by  a  factor  of  2,  on  drilling  bits 
by  a  factor  of  2  -  3  and  dies  for  production 
intricately  profiled  steel  parts  by  a  factor  of  2.5. 
The  MMT-process  is  a  novelty  in  world  practice 
of  cemented  carbides  production. 


LgV,  m/cycle 


Fig.  1.  Kinetic  diagrams  of  the  fatigue  fracture 
toughness  of  the  WC-Co  spesimens,  1-  WC- 
lOCo-MMT,  2-  WC-10Co,Ni-MMT 
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Table  1.  Physico-Mechanical  Properties  of  WC-Co  specimens 


Specimen 

designation 

HV, 

GPa 

K]c, 

MPa-m0S 

abm,  MPa 

Gcomp? 

MPa 

°0.P 

MPa 

ytO' 

Adef’ 

MJ/m3 

4pi, 

MJ/m3 

6pl,  % 

WC-6C0 

15.00 

12.3 

2000 

5000 

4620 

65 

33 

1.1 

0.5 

WC-lOCo 

13.20 

14.6 

2310 

4550 

4010 

78 

46 

1.4 

0.8 

WC-lOCo-MMT 

13.10 

14.9 

2530 

4460 

3890 

84 

53 

1.8 

1.1 

WC- 1 0Co,Ni-MMT 

13.00 

15.3 

2460 

4340 

3780 

101 

71 

2.4 

1.7 
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USE  OF  PROCESSES  OF  BURNING  FOR  RECEPTION  OF  MATERIALS  ON  A 
BASIS  TUNGSTEN  AND  ZIRCONIUM  BORIDES 
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Institute  of  Material  Science  KSC  FEB  RAS  Russia,  Khabarovsk,  Russia 
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The  processes  of  burning  are  poorly  investigated 
and  are  accordingly  poorly  in  chemical  technology 
of  synthesis  of  refractory  not  metal  connections: 
carbides,  nitrides,  borides,  effective  as  a  basis  of 
materials  showing  high  stability  to  influence  of 
deterioration,  friction,  chemically  aggressive 
environments.  The  certain  interest  represents 
reception  dispersion  metalloceramice  materials  on 
the  basis  of  refractory  borides  with  use  of  the  so- 
called  combined  way  [1],  combining  metallothermal 
reaction  of  connections  MeYm  (Y  -  O,  S,  Cl,  F  etc.) 
and  restoring  metal  Me/  (Al,  Mg,  Ca),  previous  of 
high-temperature  reaction  of  metal  with  contentsed 
boron  component.  Thus  the  synthesis  of  powders 
passes  in  one  technological  stage,  in  a  material  all 
spectrum  of  formed  connections  is  used,  and  there 
are  no  difficulties  with  branch  of  collateral  products, 
the  high  degree  homogeneous  and  monodispersion 
of  particles  is  provided,  and  in  case  of  reception  of 
powders  refractory  borides  and  materials  on  their 
basis  is  excluded  negative  influences  of  carbon  on 
process  of  formation  borides  of  phases. 

The  purpose  of  the  present  work  is  the  search  of 
systems  initial  reagents,  capable  in  a  mode  of 
burning  to  form  target  and  collateral  products 
appropriate  to  structure  of  composite  ceramic 
materials  on  a  basis  tungsten  boride  W2B5  and 
zirconium  boride  ZrB2. 

The  experiments  were  carried  out  on  mixes 
including  chemically  pure  reagents:  connections 
zirconium  -  Zr02,  ZrF4,  Zr  (S04)2  and  -  tungsten  - 
W03,  and  also  enriched  a  mineral  concentrate 
containing  W03  till  95-90  of  mas.  %,  CaW04  up  to 
3-7  mas.  %,  Si02  up  to  2-3  mas.  %;  boron 
components  -  B203,  B4C;  a  metal  aluminium 
powder  of  the  mark  A7,  in  ratio  appropriate 
stehiometric  of  reactions  of  formation  W2B5  and. 
ZrB2.  Metallothermal  process  carried  out  on  air.  A 
thermodynamic  estimation  of  the  maximal 
temperatures  developing  at  burning  of  mixes  for  a 
case  of  complete  passage  of  reaction  [2],  is  carried 


out  in  the  assumption  of  adeabatical  of  process.  All 
allocated  heat  goes  on  heating  of  products  of 
reactions  up  to  Tad  -  adeabatical  of  temperature  of 
burning,  that  is  entalpy  of  initial  substances  at 
reference  temperature  and  final  at  temperature  of 
burning  are  equal : 

/= I 

Where  T0  -  reference  temperature  of  products  of 
reaction;  Tad  -  temperature,  up  to  which  the  products 
of  reaction,  Q  -  thermal  effect  of  reaction  are 
warmed  up.  Are  used  help  thermodynamic  given 
[3],  including  tabulated  dependences  of  a  difference 
entalpy  H(Ta„)-H(Tm)  from  temperature.  In  a 
number  of  cases  of  meaning  are  received 
extrapolation  of  settlement  results.  A  choice  of 
processes,  in  which  the  designed  temperatures  are 
sufficient  for  realization  of  burning,  carried  out  on 
the  basis  of  experience  of  experimental  data 
processes  of  burning  given  in  work  [2],  which 
shows,  that  at  Tad  <  15000K  the  burning  does  not 
occur,  at  Tad  >  25000K  of  system  always  bum,  at 
15000  K  <  Tad  <  25000  K  there  is  no  clearness  and 
the  additional  researches  are  necessary. 

As  the  combined  way  of  reception  borides  assumes 
consecutive  passage  aluminiumthermal  reaction  of 
restoration  of  chemical  connection  up  to  pure  metal, 
which  then  cooperates  with  boron  component,  the 
thermodynamic  estimation  adeabatical  temperatures 
is  carried  out  by  us  for  separate  reactions  in  system. 

The  absence  of  burning  in  mixes  including 
connection  zirconium,  is  caused  as  show 
thermodynamic  accounts  unsufficient  adeabatical  in 
temperatures  at  a  stage  of  development  1-st 
metallothermal  reaction  -  of  restoration  up  to  metal 
zirconium.  Introduction  of  superfluous  quantity  of 
aluminium  will  allow  to  carry  out  local  warming  up 
reagentes  for  the  account  high  exothermal  reaction 
of  burning  of  aluminium  (Tad  ~  4000  K).  In  mixes 
with  zirconium  fluorid  the  process  of  evaporation 
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ZrF4  is  higher  1179  K.  Passes  of  aluminiumthermal 
restoration  of  gaseous  zirconium  fluoric!  results  in 
growth  Tad  in  a  mix  up  to  1700  K.  Similarly  in 
mixes  including  zirconium  sulphate,  the 
development  aluminiumthermal  of  reaction 
thermodynamical  is  feasible  at  warming-up  of  a 
sample  up  to  temperature  above  673  K,  when  there 
is  a  decomposition  Zr(S04)  2  up  to  Zr02  and 
gaseous  S03. 

The  superfluous  quantity  of  aluminium  paid  off  on 
thermal  balance  of  system  reagentes  in  adeabatical 
conditions  and  in  view  of  heat  of  phase  and 
chemical  transformations.  In  experiments  with 
mixture  including  ZrF4  or  Zr(S04)2,  B203  and 
superfluous  quantity  of  aluminium  from  25  up  to  35 
mas.  %,  the  intensive  burning  of  mixes  was 
observed,  whereas  in  mixes  stehiometric 
composition  under  the  same  conditions  the  wave  of 
burning  does  not  occur.  The  greatest  exit  ZrB2  is 
fixed  at  restoration  zirconium  sulphate  (62-66  mas 
%  from  theoretical),  the  products  of  synthesis 
represent  porous  glass  mass  with  inclusions  of 
particles  ZrB2  by  the  size  1  -6  microns.  In  products 
of  restoration  zirconium  fluorid  were  discovered 
ZrB2  reach  50  microns. 

In  case  of  restoration  tungsten  oxide  at  both  stages 
adeabatical  temperatures  are  sufficient  for 
distribution  of  a  wave  of  burning,  that  will  well  be 
coordinated  to  experimental  results.  Use  B203,  in 
quality  boron  reagent  in  processes  boron  reagent 
with  tungsten  oxide  results  in  primary  formation 
metal  tungsten  and  lowest  tungsten  borides  It  is 
probable,  that  the  development  of  high  temperatures 
at  the  first  stage  of  process  results  in  essential 


changes  in  parities  reagentes  at  the  expense  of 
evaporation  B203  and  even  at  his(its)  surplus  up  to 
50  %  of  weights.  It  fails  to  receive  a  good  output 
W2B5.  Satisfactory  results  on  reception  of  a  phase 
W2B5  (increase  of  an  output  W2B5  till  65-79  of  % 
from  theoretical)  gives  introduction  additional 
refractory  boron  reagent  -  boron  carbide. 

In  view  of  the  revealed  features  aluminiumthermal 
of  restoration  tungsten  oxide  the  mode  of  synthesis 
of  a  composite  material  on  a  basis  W2B5,  with  use 
was  developed  as  initial  reagent  enriched  mineral 
concentrate.  The  received  powder  material  includes 
from  42  up  to  55  weights.  %,  particles  tungsten 
boride  W2B5,  size  from  1  up  to  3  microns,  rest  - 
particle  glass  phase  by  the  size  from  5  up  to  45 
microns.  The  hardness  of  particles  borides  reaches 
32  GPa,  glass  phase  12-19  GPa. 
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Self-propagating  high-temperature  synthesis 
(SHS)  is  as  a  cost  and  energy  effective  method  for 
producing  refractory  compounds  and  composite 
materials.  Along  with  high  purity  due  to 
volatilization  of  impurities,  SHS-materials  possess 
superior  properties  in  comparison  with  similar 
compounds  obtained  by  conventional  means.  This 
is  due  to  non-traditional  interaction  mechanisms 
associated  with  extreme  conditions  in  SHS  waves 
(temperature  up  to  3500  °C,  heating  rate  ~106  K/s, 
temperature  gradient  ~105  K/cm,  rapid  cooling 
after  SHS  and  fast  accomplishment  of  conversion, 
~1  to  10  s).  Hence  experimental  researches  are 
combined  with  modeling,  which  plays  a 
significant  role  in  studying  phase  formation  and 
developing  SHS-technologies  [1], 

In  modeling  SHS,  most  used  is  a  formal  model 
“imported”  from  the  combustion  theory  where  the 
reaction  rate  is  described  as 
dr| / 9t=(  1  -r| )" •  exp(-mr| ) •  k-exp[-E/(RT)],  where  p 
is  the  conversion  degree,  n,  m,  k  are  formal 
parameters  and  E  is  the  activation  energy.  Such 
approach  permits  studying  oscillating  and 
spinning  regimes  of  SHS  but  it  is  not  linked  to  the 
phase  formation  mechanisms.  Since  in  many 
SHS-systems  apparent  E  values  are  close  to  the 
activation  energy  for  solid-state  diffusion,  a 
“diffusion-controlled  growth”  concept  has  gained 
acceptance  for  modeling  SHS  [2  et  al\.  However, 
in  such  works  modeling  is  performed  either  with 
dimensionless  parameters  varied  in  a  certain 
range,  or  with  apparent  activation  energy 
estimated  from  experimental  data. 

Numerous  experiments  have  shown  that,  along 
with  solid-state  diffusion,  melting  and  spreading 
of  the  reactants  followed  by  crystallization  play  an 
important  part  in  the  product  formation  during 
SHS  [3  etal). 

Thus,  the  objectives  of  this  research  are:  (i)  to 
analyze  the  applicability  of  the  “quasi-equilibrium 
diffusion-controlled  growth”  concept  to  SHS  on 
the  example  of  the  most  studied  Ti-C  system 
using  available  data  on  the  diffusion  coefficients 


and  taking  into  account  a  change  of  the  geometry 
of  reacting  particles  due  to  melting,  and  (ii)  to 
develop  a  new  model  of  phase  and  structure 
formation  in  SHS  waves. 

A  diffusion-controlled  growth  of  a  thin  TiC  film 
on  the  surface  of  Ti  particles  is  considered  within 
the  frame  of  diffusion-type  Stefan  problem  in 
non-isothermal  conditions.  Experimental  data  on 
diffusion  coefficients  in  TiC  [4,5]  were  used  for 
estimations.  Since  the  diffusion  coefficient  in  (3-Ti 
is  much  higher  than  in  TiC,  it  is  implied  that  P-Ti 
is  saturated  with  C  at  the  temperature  below  the  Ti 
melting  point,  Tm(Ti)=1940  K.  Similar 
assumption  is  made  for  the  molten  Ti  at 
Tm(Ti)<T<TSHs«2600  K  [6].  Then,  an  asymptotic 
solution  for  the  diffusion-controlled  TiC  layer 
growth  can  be  used  [7],  Calculations  for  non- 
isothemal  conditions  in  an  SHS  wave  have  shown 
that  with  the  real  values  of  diffusion  coefficients, 
the  thickness  of  the  product  is  small  (max.  0.2 
pm),  and  the  adiabatic  heat  release  associated  with 
the  TiC  formation  is  insufficient  for  sustaining  the 
SHS  wave. 

At  the  attainment  of  Tm(Ti),  titanium  can  break 
the  TiC  case  and  spread  because  the  density  of 
solid  Ti  at  T=Tm(Ti)  is  pTj(S)=4.26  g/cm3  while  for 
molten  Ti  at  the  same  temperature  pTi(m)=4.12 
g/cm3.  Thus,  at  T=Tm(Ti)  a  problem  for  the 
rupture  of  the  outer  TiC  case  is  considered  within 
the  frame  of  the  theory  of  elasticity  taking  into 
account  the  non-compressibility  of  liquids.  Using 
available  data  on  the  mechanical  properties  of  TiC 
at  elevated  temperatures  [5],  we  receive  an  upper 
level  estimate:  the  molten  Ti  can  be  kept  inside 
the  primary  TiC  case  only  if  its  thickness  exceeds 
«0.7Ro  where  R0  is  the  particle  radius.  This  is 
possible  only  for  slow  heating  rates  typical  for 
traditional  synthesis  methods  and  sintering,  and  is 
not  possible  in  SHS  waves.  Hence,  at  T>Tm(Ti) 
molten  Ti  spreads  and  the  geometry  of  the 
reacting  system  changes. 

Then,  another  situation  is  considered  implying 
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fast  spreading:  solid  carbon  particles  are 
surrounded  with  liquid  titanium  retaining  the 
stoichiometric  Ti-to-C  mass  ratio.  In  this  case,  a 
thin  equilibrium  spherical  film  of  TiC  forms  at  the 
Ti/C  interface  (it  should  be  noted  that  within  the 
quasi-equilibrium  diffusion  theory  a  direct  contact 
of  solid  carbon  and  liquid  Ti  below  the  TiC 
melting  point  is  impossible).  Asymptotic  solution 
found  on  the  basis  of  Ref.  [7]  demonstrates  that  for 
small-sized  C  particles  (e.g.,  carbon  black  with  .a 
typical  size  ~0.1  pm)  TiC  layer  growth  can 
provide  fast  heat  release  necessary  for  sustaining 
the  SHS  wave.  But  for  graphite  particles  with  the 
radius  Ro>2  pm,  adiabatic  heat  release  due  to  the 
TiC  formation  is  lower,  and  complete  conversion 
of  the  reactants  into  the  product  requires  a  “long” 
(~1  s)  isothermal  exposure  to  the  SHS 
temperature.  Since  the  diffusion  coefficient  of  Ti 
in  TiC  is  by  orders  of  magnitude  lower  than  that 
of  carbon,  which  is  typical  for  interstitial 
compounds,  the  TiC  layer  growth  occurs  mainly 
at  the  TiC/Ti  interface,  and  the  final  TiC  particles 
will  be  hollow.  At  the  stoichiometric  Ti-to-C  mass 
ratio  and  the  ultimate  formation  of  TiCi.o,  the  final 
density  of  the  product  particles  will  be  ppr  = 
[(pTici.o)'1  +  (5pC) ')]  *  «  3.3  g/cm3  =  (2/3)-  pTici.o- 
This  disagrees  with  numerous  experimental  data 
[3  and  other  works]. 

Therefore,  numerical  estimates  performed  on 
example  of  a  classical  Ti-C  system  reveal  that  the 
concept  of  diffusion-controlled  product  formation 
is  not  applicable  to  SHS.  Hence,  only  a  non¬ 
equilibrium  phase-forming  mechanism,  which 
involves  a  direct  contact  of  solid  carbon  with 
molten  Ti  without  a  continuous  TiC  interlayer, 
can  operate  in  the  SHS  wave.  Product  formation 
will  occur  through  dissolution  of  C  in  the  melt  and 
crystallization  of  TiC  particles. 

For  the  latter  situation,  a  new  model  of  phase  and 
structure  formation  during  SHS  is  proposed.  In  the 
preheat  zone,  solid-state  diffusion-limited 
interaction  of  the  reactants  results  in  the  growth  of 


a  thin  layer  of  a  refractory  product  on  the  surface 
of  metal  particles.  In  the  zone  of  thermal  reaction, 
melting  of  the  metal  particles  occurs.  Because  of 
the  volume  change,  the  molten  metal  disrupts  the 
core  of  the  primary  product  and  comes  into  direct 
contact  with  a  non-metallic  reactant  which 
dissolves  in  the  melt.  The  grains  of  the  final 
product  crystallize  from  the  melt,  which  brings 
about  the  major  heat  release  responsible  for  the 
SHS  wave  propagation.  The  crystallization 
process  accomplishes  in  the  after-bum  zone.  The 
model  includes  heat  transfer  equation,  the 
equation  for  the  diffusion-limited  growth  of  the 
primary  product  and  the  crystallization  kinetics  of 
the  final  product  based  on  the  Kolmogorov- 
Avrami  approach. 

Partial  support  from  the  Belarussian  Fundamental 
Research  Foundation  (grant  X02P-037)  is 
acknowledged. 

References 

1.  Merzhanov  A.G.  Russian  Chemical  Bulletin, 
1997,  v.46,  No.  1,  p.1-27. 

2.  Nekrasov  E.A.,  Smolyakov  V.K.,  Maksimov 
Yu.M.  Fiz.  Goren.  Vzryva,  1981,  v.17,  No.2, 
p.77-83. 

3.  Merzhanov  A.G.,  Rogachev  A.S.,  Mukasyan 
A.S.,  Khusid  B.M.  Fiz.  Goren.  Vzryva,  1990, 
v.26,  No.l,  p.  104-114. 

4.  Andrievskii  R.A.,  Spivak  I.I.  Prochnost 
Tugoplavkih  Soedinenii  i  Materialov  na  Ih 
Osnove.  Spravochnik.  Chelyabinsk, 
Metallurgiya,  1989  (in  Russian). 

5.  Samsonov  G.V.,  Upadhaya  G.S.,  Neshpor  V.S. 
Fizicheskoe  Materialovedenie  Karbidov.  Kiev, 
Naukova  dumka,  1974  (in  Russian). 

6.  Kirdyashkin  A.I.,  Maksimov  Yu.M.,  Nekrasov 
E.A.  Fiz.  Goren.  Vzryva,  1981,  v.17,  No.4, 
p.33-36. 

7.  Lyubov  B.Ya.  Teoriya  Kristallizatsii  v  Bolshih 
Ob’yomah.  Moscow,  Nauka,  1975  (in 
Russian). 


257 


III.  SPECIFIC  TECHNOLOGIES 


MECHANOCHEMICAL  SYNTHESIS  OF  NANOCOMPOSITES  IN  METAL- 

OXIDE  SYSTEM 
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Metal-oxide  nanocomposites  can  be  used  to 
obtain  ultrafine  metal  catalysts  on  an  oxide 
substrate,  current-conducting  ceramics, 
magnetic  materials,  etc. 

Mechanochemical  approach  allows  obtaining 
such  nanocomposites  by  the  joint  treatment  of 
a  metal  -  oxide  mixture.  However,  this 
requires  substantial  consumption  of  power 
and  time,  and  is  accompanied  by  the 
contamination  of  the  product  with  the 
material  of  milling  bodies.  Higher  dispersity 
and  uniformity  are  achieved  in  the  systems  in 
which  one  can  perform  mechanochemical 
reduction  of  the  oxide  with  a  metal. 


The  processes  involving  mechanochemical 
reduction  of  copper,  bismuth,  tin,  indium  by 
various  metals  were  investigated;  the  list  of 
thus  obtained  nano-dispersed  composites 
include  bismuth  on  aluminium  and  zirconium 
oxides;  copper  on  nickel,  magnesium  and  iron 
oxides;  tin  on  aluminium  and  tantalum  oxides. 

It  is  demonstrated  that  this  mechanochemical 
process  occurs  for  pairs  with  negative  reaction 
enthalpies;  the  process  dynamics  is 
determined  by  the  mechanical  properties  of 
the  components. 
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MODELLING  HOT-WIRE  CHEMICAL  VAPOUR  DEPOSITION  OF 
NANOCRYSTALLINE  SILICON  THIN  FILMS 

Bruehne  K.,  Rakhlin  M.,  Schubert  M. 

Institute  of  Physical  Electronics,  University  of  Stuttgart,  Stuttgart,  Germany 


The  need  for  large-area  and  flexible 
microelectronic  devices  has  stimulated 
significant  interest  in  thin  film  silicon 
deposition  technologies.  Hot-Wire  Chemical 
Vapour  Deposition  (HWCVD)  presents  the 
advantages  of  high  depositi  on  rate  for 
amorphous  silicon  (a-Si)  solar  cells,  and  low- 
temperature  processing  of  dielectrics  like 
SiNx. 

Since  little  is  known  about  the  decomposition 
and  gas  phase  processes  which  eventually 
lead  to  film  growth,  we  test  a  simple  two- 
phase  model  against  a  wide  range  of 
experimental  data  on  deposition  kinetics  [1, 
2]. 

For  this  study,  amorphous  silicon  (a- Si)  and 
nanocrystalline  silicon  (nc-Si)  films  are 
deposited  in  a  multi-chamber  cluster  tool 
(MV  Systems  Inc.,  Golden,  CO,  USA)  by 
HWCVD.  The  volume  of  the  multi-wire 
HWCVD  chamber  amounts  to  0,15m3,  and 
the  distance  between  substrate  and  wire  to  5 
cm.  The  Si  films  are  deposited  onto  5x5  cm1 2 
7059  Coming  glass.  The  deposition  pressure 
varies  within  the  limits  of  3  800  mTorr 

(0,27  -5-  53  Pa);  the  flow  rate  of  H2-diluted 
SiFLt  within  1  100  seem;  the  substrate 

temperature  between  300  500°C;  and  the 

filament  temperature  within  1500  -*■  1900°C. 
The  filament  materials  under  investigation  are 
pure  tungsten,  tantalum,  and  graphite. 

In  order  to  refine  our  modelling,  we  check  the 
dependency  of  the  growth  rate  on  substrate 
temperature,  deposition  pressure,  temperature 


and  material  of  the  filaments  [1].  We  analyse 
the  type  of  gas  flow  in  the  reaction  zone,  and 
calculate  the  effect  of  thermal  diffusion  on 
single  components  of  the  flowing  process  gas 
at  the  substrate  site.  Moreover,  Structural 
characteristics  of  deposited  films  [1]. 

As  a  result  of  these  investigations,  we  can 
deduce:  i)  The  molecular  gas  flow  in  the 
reaction  zone  is  laminar;  ii)  Two  well 
separated  areas  control  the  film  growth,  one 
area  of  catalytic  reactions  close  to  the 
filaments,  where  activated  complexes 
[Si2Hn*,  n  =  2,4,6]  are  formed,  and  a  thermal 
diffusion  area,  where  these  complexes  diffuse 
and  decompose  to  form  thin  silicon  films  at 
the  substrate,  iii)  The  rate-limiting  step  is 
thermal  diffusion  of  the  activated  complexes 
[Si2Hn*,  n  =  2,4,6]  towards  the  substrate. 

This  finding  is  consistent  with  a  low 
activation  energy  of  the  deposition  process 
(Eact  ~  1,8  kJ/mol),  and  with  the  growth-rate 
dependency  on  deposition  pressure,  gas  flow 
rate  and  filament  temperature.  By  identifying 
the  rate-limiting  step,  we  are  able  to  present  a 
diffusion-controlled  description  equation  for 
the  film  growth,  which  well  reproduces  the 
experimental  data. 

The  proposed  two-zone  model  not  only 
accounts  for  the  kinetic  parameters  of  the 
HWCVD  process,  but  also  explains  the 
influence  of  other  deposition  parameters,  like 
substrate  as  well  as  filament  temperatures,  or 
filament  material. 


1.  K.  Bruehne,  et.al.  Thin  Solid  Films  395,  163-168  (2001). 

2.  E.C.  Molenbrock  et.al.  J.Appl.Phys..,  82(4),  15.08.97,  pp.7278-7292 
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Structure  and  properties  of  coatings  from  the  chromium-based 
alloys. obtained  at  supersonic  plasma  speed 

V.  Gorban1,  S.  Petrov2,  E.  Grechishkin1 
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Parameters  of  mechanical  and  service 
properties,  and  profitability  of  the  process  of  gas- 
thermal  coatings  appreciably  depends  on  the 
speed  of  plasma  flow.  Now  processes  with  the  use 
of  supersonic  plasma  are  most  perspective  for 
industrial  application  [1,2], 

The  work  purpose  is  research  of  influence 
of  supersonic  air-gas  plasma  and  detonation 
coatings  on  the  structure  and  service 
characteristics  of  coatings  from  chromium-based 
alloys  as  alternatives  of  galvanic  chromium 
plating. 

The  influence  of  frictional  structure  of 
granulated  powder  on  properties  of  coatings  has 
been  determined.  Such  characteristics,  as 
hardness,  porositu,  adhesion  and  roughness  of  the 
surface  of  coatings  are  in  direct  dependence  on  the 
size  of  the  used  powder  fraction.  So  the  hardness 
and  porositu  of  coatings  change  from  10  GPa  and 
I  %  at  the  size  of  a  powder  20-30  microns  to  7 
GPa  and  3  %  at  increase  of  a  fraction  up  to  50-100 
microns  accordingly. 

The  comparison  of  properties  of  coatings 
from  chromium-based  alloys  obtained  with  the 
help  of  supersonic  air-gas  plasma  and  detonation 
coatings  on  a  fraction  of  powder  20-40  microns  is 
carried  out.  The  differences  in  properties  are 
submitted  in  Table  1 


Table  1.  Some  properties  of  coatings  from 
the  chromium-based  alloys  depending  on 
technology _ 


Method  of 
coatings 

Spraying 

distance, 

mm 

Hard¬ 

ness. 

GPa 

Porosi¬ 
tu,  % 

Adhesi¬ 
on,  MPa 

Supersonic 

plasma 

200-250 

9 

2 

50 

Detonation 

15-200 

10 

1 

60 

The  structure  of  the  coatings  from 
chromium-based  alloys  is  investigated.  The 
characteristic  feature  of  their  structure  is  poorly 
expressed  layering.  The  electron-microscopic 
structure  of  supersonic  coatings  showde  thet  their 
matrix  is  a  Cr-base  fee  solid  solution  with  grain 
size  raning  from  0  .5-3.0  microns.  The  grain 
boundaries  were  smooth  as  in  the  crystallized  ma¬ 


terial.  The  defects  were  indentified  as  the  disl¬ 
ocation  loops  with  an  average  densitz  1012  cm  '2. 

The  phase  structure  of  coatings  is 
determined,  presence  of  oxides  Cr203,  Cr304  is 
characteristic  of  them,  in  connection  with  high 
affinity  of  chromium  to  oxygen.  High-temperature 
instable  oxide  CrO  characteristic  only  of  coatings 
from  the  chromium-based  alloys  received  in  flows 
of  supersonic  plasma  is  found  out  for  the  first 
time.  Tetragonal  Cr304  is  present  in  all  gas 
thermal  coatings  from  the  chromium-based  alloys 
and  is  caused  by  high  speeds  of  cooling.  It  is 
established,  that  for  formation  of  CrO  except  for 
high  speed  of  cooling  it  is  necessary  that 
temperature  of  heating  of  particles  did  not  exceed 
1600  K.  This  is  promoted  by  small  time  of  powder 
stay  in  a  flow  of  supersonic  plasma  and  formation 
of  a  steam  jacket  of  sublimation  products  around 
them. 

High-temperature  characteristics  of  the 
given  coatings  (hardness,  strength,  bend  angle)  are 
determined  in  the  work.  So  the  ultimate  strength 
of  coatings  produced  using  supersonic  air-gas 
plasma  reaches  a  level  of  200  MPa,  that  is  a  little 
bit  lower  than  a  level  of  ultimate  strength  of 
compact  chromium  (210  MPa). 

The  researches  of  the  characteristics  wear 
resistance  of  coatings  in  conditions  of  dry  friction 
and  borderline  lubrication  (Table  2)  are  carried 
out. 

Friction-induced  deformation  is  localized  as 
structural  inhomogeneities  indicate.  Study  of 
surface  microhardness  of  the  friction  has  revealed 
three  typical  structural  components  with  different 
values  of  hardness 

Electron  microscopical  stude  of  the 
coatings  surface  after  frictional  indicated  same 
regions  coatong  grains  of  initial  size  with  clear 
0,2-0, 3  microns  fragments  and  regions  with 
numerous  microcracks. 

Direct  dependence  of  the  weaf  level  on  the 
coating  microhadness  is  the  basic  found 
regularity,  which  is  characteristic  of  the  friction 
points  in  conditions  when  the  mechanism  of 
elastic  rejesetion  prevails. 

Table  2.  The  characteristics  of  deterioration 
(micron)  of  coatings  from  the  chromium-base 
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alioys  depending  on  technology  of  reception  and 
test  specifications _ _ i _ | 


Conditions  testin 

Supersonic 

plasma 

Deto¬ 

nation 

Dru  frictin, 
v=0,15m/s, 

Static 

Weaf,  pm 

0,33 

0,21 

P=30H 

f 

0,041 

0,036 

dinamics 
wear,  pm 

3,4 

2,7 

f 

0,22 

0,26 

Boundaru 

grising, 

wear 

coating 

32 

64 

T=473  K 
v=T4m/s, 

wear  rider 

21 

70 

P=1H 

The  influence  of  technology  Hanbuienns  on 
the  characteristics  of  corrosion 

stability(resistance)  of  coatings  from  the 
chromium-base  alloys  is  established.  Is  shown, 
that  with  increase  of  speed  of  a  flow  of  plasma  the 
protective  characteristics  of  coverings  (Table.  3) 
raise. 

From  the  table  follows,  that  at  supersonic 
flows  of  plasma  a  current  dissolution  of  system 
the  coatings  -  Ct  3  decreases,  i.e.  comes  in 
conformity  with  corrosion  resistance  materials  of 
itself  coatins.  It  speaks  about  high  density  of  a 
coatings  and  its  good  adhesions  to  a  basis 
materials. 


Table  3.  The  characteristics  of  corrosion 
resistance  of  coatings  from  the  chromium-base 
alloys  in  0,5  H2SQ4 _ 


The 

characteristics 
of  coatings 

Superso¬ 

nic 

plasma 

Detona¬ 

tion 

Cr 

compact 

Porosity 

common 

2 

1 

0 

transparent 

0,025 

0,05 

A 

V 

Speed  of  dis¬ 
solution,  A/m2  * 

m 

0,25 

0,20 

Heat  resistance 
at  1273  K, 

0,0101 

0,0101 

0,0092 

mg/sm2 

*  -  at  potential  0,70  B. 


Thus  detonation  coatings  have  higher 
hardness  increased  characteristics  adgesion  and 
wear-  and  corrosion  resistens,  however 
considerably  lose  in  productivity  and  demand 
narrower  fraction  of  powders  for  reception 
optimum  behaviour  of  coatings. 
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INVESTIGATION  OF  CONDITIONS  FOR  FORMATION  OF 
INTERMETALLIC  PHASES  DURING  DETONATION  SPRAYING  OF  CLAD 

NI-AL  POWDERS 


Astakhov  E.A.,  Mitz  I.V.,  Kildiy  A.I.,  Kokorina  N.N.,  Kaplina  G.S. 

E.O.  Paton  Electric  Welding  Institute  of  the  NAS  of  Ukraine,  Kyiv,  Ukraine 


The  processes  of  plasma  spraying  of  nickel  clad 
aluminium  powder  are  studied  in  [1],  Coatings  of 
the  above  powders  posses  high  properties,  such  as 
resistance  to  fretting  corrosion  at  low  and  high 
temperatures,  resistance  to  wear  under  the  effect 
of  a  flow  of  abrasive  particles  at  high 
temperatures,  corrosion  resistance,  etc.  These 
properties  allow  the  Ni-Al  coatings  to  be  applied 
for  protection  of  surfaces  of  different-purpose 
parts:  thread  feeders  in  textile  industry,  gas 
turbine  engine  components,  heat  exchangers, 
boiler  and  petrochemical  facilities,  crucibles  for 
metal  melting,  crankshafts,  cylinders,  pistons  and 
valves  in  internal  combustion  engines,  etc. 
Thermal  spray  coatings  of  Ni-Al  are  widely 
applied  as  a  sublayer  for  ZrOj  heat-protection 
layers,  and  for  repair  of  parts  made  from  different 
grades  of  steels. 

High  properties  of  the  Ni-Al  coatings  arc  provided 
by  intermetal  lies  NiA!  and  Ni3Al. 

As  detonation  coatings  are  superior  to  the  flame 
and  plasma  ones  in  porosity  (porosity  is  less  than 
1  %)  and  adhesion  strength,  it  is  of  interest  to 
study  the  possibility  of  producing  coatings  as  a 
result  of  the  exothermical  reactions  by  the 
detonation  spraying  process. 

We  investigated  the  effect  of  detonation  spraying 
parameters  on  the  process  of  phase  formation, 
morphology,  phase  composition  and  some 


properties  of  coatings  resulting  from  spraying  the 
nickel  clad  aluminium  powder. 

Powder  PALN-80  (according  to  TU  48-3-92-84) 
with  a  particle  size  of  40-60  pm,  produced  from 
the  carbonyl  gas  phase  in  a  vibro-fluidized  bed, 
was  used  as  a  spray  powder.  The  ratio  of  Ni:Al 
was  80:20. 

Spraying  was  performed  using  the  "Perun-S" 
detonation  gun. 

In  detonation  spraying  the  time  of  the  dynamic 
and  thermal  effect  by  detonation  products 
(temperature  3000-3250  °C)  on  the  powder  is 
approximately  ~3xl  0'3  s,  and  the  time  of  impact 
deformation  of  the  spray  material  particles 
moving  at  a  velocity  of  500  m/s  to  1000  m/c  is 
approximately  ~10'7  s.  This  time  is  enough  to  heat 
the  nickel  powder  particles  40  pm  in  size  to  a 
melting  point.  Therefore,  spraying  of  the  clad  Ni- 
Al  particles,  where  the  initial  stage  of  formation 
of  intermetallics  begins  as  early  as  at  a 
temperature  of  600  °C,  provides  all  necessary 
conditions  for  occurrence  of  reactions.  In  addition, 
it  was  confirm  the  possibility  of  formation  of 
inetrmetallic  NiAI3  with  microhardness  of  about 
4500  MPa  even  at  the  boundary  of  interaction  of 
the  nickel  coatings  with  an  aluminium  foil. 
Spraying  process  conditions  are  given  in  Table 
and  structure  coating  on  the  figure. 


Table.  Detonation  spraying  parameters 


No 

Working  gas  flow  rate,  nrVh 

Fuel  to 
oxidizing 
and  neutral 
gas  ratio 

Channel 

length, 

mm 

zizis  1  j 

Shooting 
rate.  Hz 

Spraying 

distance 

Fuel 

Oxidizer 

Neutral  gas 

Propane- 

butane 

Acety¬ 

lene 

Oxygen 

Nitrogen  in 
compressed  air 

1 

0.45 

1.55 

0.68 

1. 0:3.5 

1.5 

550 

6.6 

100 

2 

0.45 

1.55 

0.68 

1.0:3. 5 

1.5 

550 

6.6 

200 

-i 

J 

0.60 

0.80 

0.68 

1.0: 1.3 

1.1 

550 

6.6 

100 

4 

0.60 

0.80 

0.68 

1.0: 1.3 

1.1 

550 

6.6 

200 

“5 

0.60 

0.80 

0.68 

1. 1:1.3 

1.1 

1100 

't  "1 

100 

6 

0.45 

1.55 

0.68 

1.0:3. 5 

1.5 

1100 

3.3 

100 

The  coatings  sprayed  were  studied  by 
metallography  using  the  "Neofot-32"  microscope 
and  by  X-ray  diffraction  phase  analysis  (XDPA) 
using  the  "Dron-3"  diffractometer  in  K„Co 
radiation. 


XDPA  identified  the  presence  of  almost  the  same 
phase  in  the  coatings  produced  under  all  process 
conditions:  y  -  Ni  (solid  solution),  NijAI,  NiAl,  y- 
AI2O3,  a-AIvCX,  NiO  and  NfCX.  The  coatings 
sprayed  using  a  long  channel  and  both  acetylene 
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and  propane-butane  employed  as  fuel  gases 
contained  no  free  aluminium.  That  could  be 
caused  by  several  factors:  increase  in  the  degree 
of  occurrence  of  the  reaction  to  form  intermetallic 
compounds,  higher  oxidation  degree  or  both, 
which  most  probable.  Metallography  of 
microstructure  of  the  coatings  (modes  5  and  6) 
confirms  the  presence  of  about  25  %  of  the  oxide 
phase  in  the  case  of  using  acetylene  and  about  40 
%  in  the  case  of  using  propane-butane  as  the 
working  gases.  It  should  be  noted  at  this  point  that 
XDPA  does  not  allow  evaluation  of  the 
quantitative  relationship  of  phases  present  in  the 
coatings  because  of  often  coincidence  of  values  of 
their  interplanar  spacing.  Metallography 
identification  of  phase  components  of  the  coatings 
was  based  on  earlier  investigations  of  plasma 
spraying  of  composite  powder  Ni-Al  [1],  which 
had  proved  the  presence  of  the  following  phase 
components  in  coatings: 

1 .  Gray-blue  phases  with  microhardness  of 
5300-6200  MPa-NiAl 

2.  Light-yellow  phases  with  microhardness  of 
4500-5000  MPa-Ni3Al 

3.  Phases  of  variable  colours,  from  dark-yellow 
to  blue,  with  microhardness  of  7500-9000 
MPa  -  solid  solution  of  Ni  in  NiAl  of  a 
variable  composition  (from  NiAl  toNi3Al) 

Comparison  of  the  spray  coatings  with  acetylene 
used  as  a  working  gas  shows  that  all  the  modes 
share  the  yellowish  colour  dominating  in 
structures  of  the  coatings,  which  is  indicative  of 
the  presence  of  a  large  amount  of  the  y-Ni  solid 
solution  and  Ni3Al  phase.  Also  they  share  the 
absence  of  initial  non-reacted  composite  particles 
and  a  lamellar  structure,  the  degree  of  elongation 
of  lamellae  being  different  for  different  variants  of 
spraying.  The  most  favourable  structure 
characterized  by  a  high  density  and  high  adhesion 
of  a  coating  to  the  substrate,  low  porosity  and 
uniform  distribution  of  phase  components  is  that 
of  a  coating  spraying  using  mode  3,  4  (Fig.c,  d). 
Structure  of  this  coating  is  characterized  also  by  a 
low  content  of  oxide  inclusions,  which  is  proved 
by  a  minimum  value  of  hardness,  HV3oo  =  2830 
MPa..  A  coating  sprayed  by  mode  5  has  the 
highest  hardness  HV300  =  4810  MPa,  which 
resulted  from  an  increase  in  the  degree  of 
completion  of  the  reaction  and  insignificant 
oxidation:  up  to  25  %  of  finely  dispersed  oxides 
were  revealed  in  structure  of  the  coatings.  In 
addition,  the  coatings  contained  cracks  located 
normal  to  the  substrate  (Fig.  e).  The  cracks  were 
caused  most  probably  by  an  increase  in  the 


amount  of  the  powder  fed  to  the  detonation  unit 
channel  per  cycle. 


e- mode  5  f- mode  6 


Fig.  Structure  of  detonation  coatings  from  Ni-Al, 
x400. 

The  main  distinctive  feature  of  the  spray  coatings 
produced  with  propane-butane  used  as  the  fuel  gas 
is  an  increased  amount  of  non-reacted  composite 
particles  (Fig.  a,  b)  and  an  increase  of  up  to  40  % 
in  the  content  of  oxides,  especially  in  the  case  of  a 
long  channel  of  the  detonation  unit.  In  this  case  a 
coating  has  a  clearly  defined  laminated  structure 
with  smeared  boundaries  between  phase 
components  (Fig.  f).  The  high  content  of  oxides 
results  in  high  hardness  of  the  coatings,  i.e.  HV3oo 
=  5140  MPa.  The  metal  component  of  structure  of 
all  the  coatings  sprayed  with  the  propane-butane 
fuel  gas,  which  is  yellowish  in  colour,  is  most 
probably  y-Ni.  In  addition,  in  the  case  of  propane- 
butane  used  as  the  fuel  gas  the  degree  of 
homogeneity  of  structure  the  coatings  is  lower  and 
hardness  is  higher,  varying  from  3210  to  5140 
MPa,  in  comparison  with  hardness  of  the  coatings 
sprayed  with  the  acetylene  fuel  gas,  which  varies 
from  2830  to  40 10  MPa. 

Therefore,  it  was  established  that  the  exothermic 
reactions  did  take  place  during  spraying,  resulting 
in  formation  of  intermetallic  phases. 
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EVALUATION  OF  SERVICEABILITY  OF  PLASMA  COATINGS  ON 

BODIES  OF  ROTATION 


Shevchenko  V..  Belchikov  E. 
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The  development  of  mechanical  engineer¬ 
ing  is  defined  by  an  opportunity  of  creation  of 
new  constructional  materials  and  technologies, 
which  correspond  to  a  complex  requirements  of 
modem  industry  and  new  technologies.  The  appli¬ 
cation  of  plasma  has  given  an  opportunity  to  cre¬ 
ate  new  compositions,  which  combine  high  dura¬ 
bility  with  reliability. 

With  the  help  of  plasma  coatings  they  re¬ 
ceive  special  properties  of  working  surfaces  (high- 
temperature  strength,  heat  conduction  etc.);  and 
also  economy  of  expensive  metals.  It  is  necessary 
to  note  a  role  of  coatings  for  increasing  of  con¬ 
structional  durability  as  conditions,  which  provide 
formation  of  a  composite  product  with  different 
properties  of  a  surface  and  volume. 

The  increasing  of  durability,  hardness  and 
wear  resistance  of  metal  is  accompanied  by  in¬ 
creasing  of  probability  of  fragile  destruction.  The 
plasma  coatings  technologies  allow  to  create 
composite  materials  (detail),  which  unite  wear 
resistance  surface  with  plastic  and  crack  resistance 
basis. 

Developing  of  new  materials  for  protective 
plasma  coatings  it  is  necessary  to  predict  and 
evaluate  the  mechanical  characteristics  of  depos¬ 
ited  layers,  which  define  their  serviceability.  The 
inadequate  values  of  adhesion,  characteristics  of 
elasticity  and  plasticity,  thermal  expansion  of  a 
coating  etc.,  in  aggregate,  can  cause  crack  creation 
during  the  initial  stages  of  coating  formation. 
Work  ability  of  a  coating  is  function  of  significant 
quantity  of  deposition  parameters,  which  amount 
more  than  60  [1],  These  factors  and  also  influence 
of  probability  processes  define  difficulty  of  fore¬ 
casting  of  serviceability  of  coatings  and  optimiza¬ 
tion  of  technological  processes.  For  example,  the 
adhesion  nature  is  investigated  and  is  classified  in 
works  [1,2]: 

1 .  Force  of  mechanical  connection; 

2.  Force  Van-der-Vaalse; 

3.  Force  of  chemical  connection. 

The  forces  of  chemical  connection  are  most 
important.  That  is  explained  by  a  low  level  of 
forces  of  previous  types  (10,0-20,0  MPa).  I.e. 
forecasting  and  management  of  adhesion  can  be 
carried  out  at  the  expense  of  definition  of  set  of 
chemical  and  power  conditions  of  “basis-coating” 


interaction.  In  work  [1]  is  proved,  that  considera¬ 
tion  of  process  of  interaction  "coating  -  basis  " 
only  from  a  position  of  the  theory  of  welding  pro¬ 
cesses  gives  results,  which  not  exact  and  do  not 
give  a  complete  picture.  Besides  they  characterize 
only  qualitative  part. 

The  complex  researches  of  the  mechanic 
characteristics  and  properties  of  coatings,  analysis 
of  dependence  "  parameters  of  technological  proc¬ 
ess  -  structure  of  a  coating  -  property  "  are  a  per¬ 
spective  direction  in  the  field  of  new  materials 
development. 

The  plasma  coating,  is  a  body,  which  lim¬ 
ited  by  two  surfaces,  distance  between  these  sur¬ 
faces  is  small  in  comparison  with  other  sizes  of  a 
body.  Prevailing  amount  of  details,  which  is  suit¬ 
able  for  restoration  and  hardening  by  deposition  - 
body  of  rotation.  Thus,  the  coating  for  this  type  of 
details  can  be  considered  as  thin-walled  shell. 
That  affords  a  capability  for  research  of  stress  - 
strained  state  of  plasma  coatings)  with  the  help  of 
a  differential  equation  of  a  radial  trough  of  a  shell, 
which  one  is  under  operating  of  axially  symmetric 
mechanical  and  temperature  loads  [3]: 


'^■  +  ~co  =  P+— aT0 -D(\  +  p)^—(a^-),  (1) 
dx  a  a  dx~  h 


where:  D  = - - - flexural  rigidity,  Nm; 

\2(\-p2) 

E  -  modulus  of  elasticity  of  the  maiden  kind, 
Pa; 

h  -  depth  of  a  shell,  m; 
a  -  radius  of  a  median  surface  of  a  shell,  m; 
p  -  the  spread  load  (pressure),  which  one  is 
applied  on  a  median  surface  of  a  shell,  N/m2; 
a  -  coefficient  of  linear  expansion,  °C''; 

T0  -  temperature  of  a  median  surface  of  a  shell 
AT  -  temperature  difference  external  and  inter¬ 
nal  surfaces  of  a  shell, ,  °C; 
p  -  Poisson's  constant. 

If  the  basis  for  coating  to  produce  in  the 
shape  of  a  lengthy  cylindrical  shell,  radial  move¬ 
ments  of  points  of  a  median  surface  of  a  basis  (ra¬ 
dial  trough)  under  condition  of  absence  of  tem¬ 
perature  stresses  (T0=0,  AT=0): 


®  =  (P-P') 


(2) 
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And  p '  -  radial  effort,  which  one  arises 
between  the  basis  and  coating  under  operating  of 
internal  pressure  p  and  residual  stresses  in  coating 
or*: 

p  '=CFp  +<?,  *,  (3) 

Where:  s  pr  -  pressure,  which  one  arise  in 
coating  only  under  operating  of  pressure  p. 

The  equation  (2)  allows  to  construct  em¬ 
pirical-formula  dependencies  of  a  trough  of  a  shell 
from  internal  pressure  w  =/(p)  under  conditions:' 

а)  The  shell  is  under  operating  only  internal 
pressures  (p  '=  0); 

б)  The  shell  is  under  operating  of  internal 
pressure  and  pressure  on  the  part  of  coating  (p 
0).  It  allows  to  receive  a  function  of  relation  of 
pressure  on  the  part  of  coating  on  the  basis  p 
from  internal  pressure  p  on  a  shell: 

P  '=/,(?)■  (4) 


The  computational  scheme  of  coating  can 
be  presented  as  a  shell,  which  one  is  under  oper¬ 
ating  of  internal  pressure. 

Then  a  radial  trough  of  coating: 

/  2 

p a„ 

<5) 

n  n 

Thus,  the  modulus  of  elasticity  of  the 
maiden  kind  of  coating  is  determined  under  the 
formula: 

r-  _W(&P)\a2n  ^ 


For  research  of  a  state  of  stress  of  coating  is 
applicable  equations  of  the  Laplace  [4],  Then  for 
coating,  which  one  represents  a  lengthy  cylindri¬ 
cal  shell: 


<J  t  |  cr, 


1  ’  V'/ 

an  co  hn 

where:  at,  aro,  0r  tangential,  meridional  and 
radial  stresses  in  coating. 

It  is  ground  equations  (7)  we  shall  receive: 


at  ~  Gr 


It  is  known,  that  for  a  cylindrical  shell  [4]: 


cr  =cr 


m  r  n  1 

2  hn 

Thus,  stress  in  coating  (is  apparent,  that 
o-r  -p): 


=f\(p), 

vt=f\(p)~,  0°) 

K 

V  m  ~  f\( P)~P~7~ > 

2  hn 

If  p=0,  the  values  of  radial,  meridional  and 
tangential  stresses  correspond  to  residual  stresses 
in  coating: 

<?*r  =  fl(Q)> 

(11) 

K 

2-hn 

But,  as  to  stresses  crr*  or  ar ,  direction  which 
one  normally  to  a  surface  of  coating,  -  on  an  ex¬ 
ternal  surface  of  coating  ar  -  0.  And,  the  value  ar 
is  much  less  a,  and  <rm,  an  »  h„.  Therefore  value 
ur  can  be  neglected  (<yr  —>  0). 

The  following  research  stage  is  the  solution 
of  a  problem  of  a  failure  theory  -  estimation  of 
strength  coating  by  a  kn own  stress-strained  state. 
For  example,  for  IVth  of  a  failure  theory  the  ex¬ 
pression  takes  place: 

vile  =  ^v2m+cyf-vmc 7t  <[a],  (12) 

Where  [a]  -  is  determined  experimentally 
at  construction  and  research  of  the  chart 

vt=f2(en),  (13) 

sn-  relative  radial  deformation  of  coating. 
The  solution  of  a  differential  equation  of  a 
radial  trough  of  a  shell  (1)  under  condition  of 
To^O  and  AF0  *  0  affords  a  capability  to  allow  at 
designing  of  coatings)  static  and  dynamic  thermal 
loads.  The  estimation  work  ability  of  coatings  im¬ 
plements  with  the  help  of  a  reserve  factor  on  re¬ 
sidual  and  operational  stresses  and  count  of  prob¬ 
ability  of  destruction. 
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GRANULAR  SILICON  TECHNOLOGY  OF  MONOSILLANE  IN  A 

FLUIDIZED  BED  REACTOR 

Borodulia  V.A.,  Vasilevich  V.P.(1),  Vinogradov  L.M.,  Rabinovitch  O.S.,  Stepanenko  V.N.(2), 

Akulitch  A.V. 

A.V.  Luikov  Heat  and  mass  transfer  Institute,  Minsk,  Belarus 
(I)  “Plastma”  Ltd.,  Minsk,  Belarus 

(2)State-run  Cmpny  “Minsk  Inst-t  of  Radio  Materials”,  Minsk,  Belarus 


Silicon  has  a  growing  demand  at  the  global 
market  of  solar  cells  manufacturing  and 
microelectronics.  Conventional  raw  materials 
sources  (high-purity  quartz  sand)  and  silicon 
technology  -  carbothermic  reduction  of  silicon 
dioxide  in  arc  furnaces  under  1 800°C,  subsequent 
chlorination  of  crude  silicon,  rectification  of  the 
nascent  chlorosillanes  and  their  further  reduction 
under  1200-1300°C  with  hydrogen  (“Siemens- 
process”)  are  underproductive,  energy-consuming 
and  are  not  capable  to  satisfy  market  needs. 

A  conceptually  new  manufacturing  technology  for 
highly  pure  polycrystal  silicon  is  based  on 
utilization  of  a  secondary  product  apatite 
concentrate  recycling  into  phosphoric  fertilizers. 
The  processing  flowchart  implies  that  sodium 
sihcofluoride  is  generated  out  of  silicofluoride 
acid  (a  by-product  that  results  from  refining 
extraction  phosphoric  acid  to  eliminate  fluoride 
compounds).  Further,  at  stage  I,  gaseous  silicon 
tetrafluoride  is  extracted  as  a  result  of  thermal 
decomposition  of  sodium  sihcofluoride.  At  stage 
II  silicon  tetrafluoride  is  being  reprocessed  into 
monosilane.  Stage  III  is  pyrolytic  decomposition 
under  1000°C  of  monosilane  with  silicon  and 
hydrogen  generated. 

The  conducted  laboratory  experiments  proved 
feasibility  of  the  suggested  polycrystal  silicon 
technology.  However,  depositing  polycrystal 
silicon  on  a  heated  silicon  base  rod  results  in 
bulky  sample  with  restricted  surface  leading  to 
reduction  in  efficiency  of  this  technique. 

Pyrolytic  decomposition  of  monosilane  in  a 
fluidized  bed  reactor  with  silicon  precipitated  on 
minute  silicon  particles  is  deemed  a  possible 
solution  to  enhance  efficiency  of  the  process. 

Seed  particles  of  silicon  appearing  as  granular 
material,  so-called  nuclei,  are  injected  into  the 
reactor;  then  a  gaseous  mixture  of  monosilane 
with  either  hydrogen  or  inert  gas  (argon,  nitrogen) 
is  fed  in.  Monosilane  decomposition  takes  place 


when  the  temperature  exceeds  600°C  with  silicon 
generated  and  further  precipitated  on  silicon 
particles  fluidized  with  gas  flow.  Pending  silicon 
precipitating  the  sizes  of  particles  grow  from 
several  hundreds  of  microns  to  0.6  mm  and 
greater.  Dense  granular  polycrystal  silicon 
generated  has  monodisperse  composition,  that 
facilitates  its  subsequent  loading  into  containers, 
transportation,  and  recycling;  as  well  as  enables 
the  process  automation. 

Application  of  the  boiling  bed  reactor  to  generate 
polycrystal  silicon  is  associated  with  a  number  of 
advantages  over  conventional  rod-type  reactors, 
among  which  a  possibility  of  continuous  process 
and  high  yield  of  the  reactor  are  worth 
emphasizing.  Isothermal  nature  of  fluidized  bed 
provides  improved  thermal  productivity  of  the 
reactor  and  growth  in  the  silicon  yield;  and  fine 
mixing  of  silicon  particles  ensures  their  uniform 
surface.  All  these  factors  contribute  to 
considerable  reduction  in  the  prime  cost  of  the 
marketable  product. 

Thermal  decomposition  of  monosilane  is  a 
complex  process  containing  various  stages. 

1.  Processes  related  to  heterogeneous 
deposition  of  silicon  on  inoculating  particles. 

2.  Formation  of  fine  particle  aerosol  hampering 
the  product  yield. 

3.  Agglomeration  of  primary  particles  that  is 
turning  of  several  particle  compounds  into  a 
single  primary  particle. 

When  generating  granular  silicon  as  a  result  of 
chemical  precipitating  of  silicon  from  monosilane 
in  a  fluidized  bed  reactor  it  should  be  borne  in 
mind  that  formation  of  fine  fractions  -  aerosol  and 
agglomerating  effect  of  silicon  particles 
deteriorate  the  quality  of  the  derivable  product 
and  its  yield.  All  mentioned  stages  of  monosilane 
pyrolysis  are  closely  interrelated  and  have  mutual 
influence  on  each  other. 
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An  experimental  set  up  has  been  developed  and 
built  up  to  prove  the  technology  of  generating 
granular  silicon  of  monosilane  exploiting  a 
fluidized  bed  reactor.  The  fluidized  bed  reactor  is 
the  key  process  apparatus  to  accommodate  the 
process  of  pyrolytic  decomposition  of  monosilane 
resulting  in  silicon  and  hydrogen,  and  subsequent 
precipitating  of  silicon  on  heated  silicon  particles. 
It  appears  as  a  vertical  tube  of  stainless  steel 
having  the  internal  diameter  of  the  working  zone 
as  large  as  50  mm  and  consists  of  a  housing  with  a 
cover,  expanding  in  the  top  part,  water-cooled  gas 
distributing  device,  a  cyclone  separator  and 
resistive  electric  heat  unit  case,  placed  outside. 
The  complete  set-up  is  maintained  in  a  heat- 
insulating  jacket.  The  gas-distributing  grate  comes 
as  a  perforated  plate  of  stainless  steel,  placed  into 
a  water-cooled  device.  The  temperature  regulation 


is  performed  with  the  aid  of  four  different-level 
thermocouples,  fixed  in  the  reactor  cover. 

The  fluidized  bed  of  inoculating  silicon  particles 
is  heated  in  a  stream  of  inert  gas  (argon). 
Monosilane  is  fed  into  the  reactor  upon 
temperature’s  reaching  the  required  level,  the 
consumption  of  which  is  kept  so  that  it  allows 
maintaining  its  content  in  the  blowing  gas  mixture 
from  10  to  40%. 

Comprehensive  experimental  investigation  of  the 
process  in  the  fluidized  bed  reactor  employing 
state-of-the-art  chemico-physical  approaches  and 
theoretical  modeling  enable  to  generate  its  full 
picture  and  to  select  optimized  operating 
conditions  for  a  highly  productive  energy- 
effective  technology. 
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The  work  on  the  production  of  semiconductor 
silicon  using  as  a  raw  material  the  recycle  product 
of  apatite  concentrate  recycling  into  phosphorus 
fertilizers  is  carried  out  in  the  Republic  of 
Belarus.  Hydrofluorosilisic  acid  H2[SiF6]  is  taken 
as  a  recycle  product.  It  is  produced  in  the  process 
of  making  phosphoric  fertilizers  when  purifying 
extraction  phosphoric  acid  of  fluorine  compounds. 
Hydrofluorosilisic  acid  is  then  transformed  into 
sodium  silicofluoride  by  interacting  with  sodium 
carbonate: 

H2SiF6  +  Na2C03  — ^  Na2SiFg  +  H20  +  CO-> 

The  Homel  chemical  plant  delivers 
hydrofluorosilisic  acid  H2[SiF6]  to  the  Polotsk 
plant  “Izmeritel”  on  the  grounds  of  which  stage  by 
stage  recycling  of  hydrofluorosilisic  acid  into 
monosilanes  and  silicon  is  done  on  special 
laboratory  installations. 

Silicon  production  technology  envisages  three 
stages. 

Stage  I  -  Thermal  decomposition  of  sodium 
silicofluoride  with  the  discharge  of  gaseous 
sodium  tetrafluoride  and  the  production  of  a  solid 
compound  of  sodium  fluoride  and  the  remains  of 
the  undecomposed  sodium  silicofluoride. 
t~780°C 

Na2SiF6  — - - >  SiF4t  +  2NaF 

Sodium  tetrafluoride  is  put  into  containers. 

Stage  II  -  Chemical  transformation  of  the  sodium 
tetrafluoride  into  monosilane.  The  transformation 
is  done  by  the  equation 

SiF4  +  2CaH2  ->  SiH4  T  +  2CaF2^ 

Lithium  and  potassium  chloride  (LiCkKCl  = 
1:1,18)  are  mixed,  poured  into  monosilane 
synthesis  reactor,  melted  at  360  -  390°C.  3  -  5% 
calcium  hydrate  is  solved  in  the  smelt. 


Sodium  tetrafluoride  gets  into  the  reactor  and 
barbotates  through  the  smelt.  The  produced 
monosilane  is  purified  and  goes  into  a  collector. 

Stage  III  -  Thermal  decomposition  of  monosilane 
by  the  equation: 

t~850°C 

SiH4 - >  Si  +  2H2 1 

The  stage  is  carried  out  in  the  reactor  on  the 
heated  silicon  base  where  silicon  is  deposited  and 
the  uncombined  hydrogen  goes  to  the  annealing 
unit. 

It  is  supposed  that  Stage  III  may  be  carried  out 
more  effectively  if  the  decomposition  of  silane  is 
done  in  the  reactor  with  the  boiling  layer  of  the 
heated  silicon  particles. 

As  a  result  of  stages  I  —  III  technological  process 
samples  of  polycrystalline  semiconductor  silicon 
have  been  obtained.  Silicon  quality  analysis  was 
done  in  the  laboratory  of  mass  spectrometry  and 
chromatography  of  the  State  Institute  of  Rare 
Metals,  Russian  Federation,  Moscow  and  by  the 
specialists  of  the  Minsk  Scientific  Research 
Institute  of  Radiomaterials. 

Using  a  spark  mass  spectrometry  method 
complete  impurity  composition  of  a  silicon 
sample  has  been  defined.  [Table  I] 

The  average  specific  resistance  of  a  silicon  sample 
with  n-type  electrical  conductances  is  160  ohm  / 
cm,  and  those  of  p-type  -  1270  ohm  /  cm. 

The  conducted  laboratory  experiments  have  above 
all  proved  the  efficiency  of  the  suggested  by  the 
authors  technology  of  obtaining  polycrystalline 
silicon  from  the  recycle  product  (practically  from 
the  waste  material)  for  the  production  of  fertilizers 
from  the  Kolsky  apatite  concentrate. 

The  quality  estimation  results  of  the  obtained 
silicon  sample  have  shown  the  actuality  of  the 
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problem.  Profound  scientific  research  of  the  basic 
and  auxiliary  processes  has  been  found  to  be 
expedient  for  working  out  the  optimal  suggestions 
for  the  design  and  production  of  the  industrial 
equipment. 

Table  I 

Silicon  Sample  Chemical  Composition 


Element 

ppm 

mass 

Element 

ppm 

mass  , 

H 

ND 

Rh 

<0,01 

Li 

<0,003 

Pd 

<0,1 

Be 

<0,002 

Ag 

<0,05 

B 

<0,003 

Cd 

<0,2 

C 

4 

In 

<0,05 

N 

ND 

Sn 

<0,1 

O 

500 

Sb 

<0,1 

F 

0,02 

Te 

<0,2 

Na 

0,09 

I 

<0,03 

Mg 

0,06 

Cs 

<0,1 

A1 

0,08 

Ba 

<0,1 

Si 

base 

La 

<0,2 

P 

0,5 

Ce 

<0,02 

S 

0,2 

Pr 

<0,02 

Cl 

0,4 

Nd 

<0,05 

K 

0,2 

Sm 

<0,06 

Ca 

0,7 

Eu 

<0,07 

Sc 

<0,05 

Gd 

<0,09 

Ti 

<0,05 

Tb 

<0,03 

V 

<0,01 

Dy 

<0,08 

Cr 

<0,02 

Ho 

<0,02 

Mn 

<0,03 

Er 

<0,08 

Fe 

<0.01 

Tm 

<0,02 

Co 

<0,02 

Yb 

<0,09 

Ni 

<0,02 

Lu 

<0,02 

Cu 

<0,02 

Hf 

<0,03 

Zn 

<0,02 

*Ta 

<0,02 

Ga 

<0,01 

W 

<0,03 

Ge 

<0,01 

Re 

<0,02 

As 

<0,02 

Os 

<0,02 

Se 

<0,05 

Ir 

<0,03 

Br 

<0,03 

Pt 

<0,1 

Rb 

<0,01 

Au 

<0,05 

Sr 

<0,1 

Hg 

<0,2 

Y 

<0,1 

Tl 

<0,03 

Zr 

<0,2 

Pb 

<0,2 

Nb 

<0,05 

Bi 

<0,03 

Mo 

<0,1 

Th 

<0,03 

Ru 

<0,06 

U 

<0,03 

*  Ta  is  a  structural  material  of  the  iron  source 
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EFFECT  OF  DOPING  ON  THE  RESISTIVITY  AND  MICROSTRUCTURE 

OF  CARBON  FILMS 

Onoprienko  A..  Artamonov  V.(1),  Yanchuk  I.(,) 

Institute  for  Problems  of  Materials  Science,  Ukraine  National  Academy  of  Sciences,  Kiev 
Institute  of  Semiconductor  Physics,  Ukraine  National  Academy  of  Sciences,  Kiev 


Doped  diamond  and  diamond-like  carbon  (DLC) 
films  are  now  considered  as  promising  materials 
for  application  in  microelectronics.  Doping  with 
electrically  active  elements  results  in  a  shift  of 
Fermi  level,  optical  and  electrical  properties  of 
films  [1-3].  In  present  work  the  effect  of  substrate 
temperature  on  the  resistivity  of  boron-doped  C- 
films  is  studied  and  compared  with  that  of  non- 
doped  C-films.  Structural  aspects  of  this  effect  are 
discussed. 

The  carbon  films  were  deposited  by  a  planar  dc 
magnetron  unit.  Both  non-doped  and  boron-doped 
films  were  prepared  for  study.  In  the  first  case  as  a 
target  was  the  disk  (60  mm  in  diameter  and  3  mm 
thick)  made  from  pure  graphite  (99,97  %  purity). 
In  the  second  case  the  target  of  the  same 
dimensions  was  composed  from  graphite  and  a 
compound  B4C.  The  amount  of  B4C  in  the 
composed  target  was  adjusted  so  that  the 
concentration  of  boron  in  deposited  films  was 
close  to  2  at.  %  as  determined  by  the  electron- 
probe  microanalysis  (EPMA)  method  with 
Camebax  SX-50  instrument.  A  sputtering  gas, 
argon  of  99,97  %  purity  at  constant  pressure  1  Pa, 
was  used  in  all  experiments.  As  substrates,  the 
polished  platelets  of  Si-Ti-Al-0  ceramics  were 
used. 

The  resistance  of  films  was  measured  in  two 
directions:  parallel  and  perpendicular  to  the 
substrate  surface.  For  this  purpose  the  specially 
configured  nickel  film  contacts  were  magnetron 
sputtered  onto  substrates  before  carbon  film 
deposition,  and  on  the  top  of  as-deposited  carbon 
films.  Such  configuration  of  nickel  electrodes 
made  it  possible  to  measure  the  resistances  Rj  and 
R|j  of  carbon  films.  Carbon  film  resistivities  p± 
and  p||  were  calculated  from  the  measurements  of 
Rjl  and  R||,  the  geometry  and  thickness  of  carbon 
film  between  metal  contacts.  The  resistivity 
anisotropy  coefficient  was  determined  as 
K=(PUP||)- 

Film  thickness  was  measured  with  an  optical 
interferometer,  and  it  was  400-600  nm.  Film 
structure  was  examined  by  high-energy  electron 


diffraction  in  reflection  mode  (RHEED)  and 
Raman  spectroscopy. 

As  was  revealed,  px  has  a  tendency  to  decrease 
with  an  increase  in  Ts  for  films  of  both  types,  but 
to  a  small  degree.  Quite  different  behavior  was 
observed  for  pu  which  decreased  appreciably  with 
an  increase  in  Ts  in  the  temperature  range  20-400 
°C,  and  with  further  increase  in  temperature 
remained  almost  constant  for  the  films  of  both 
types.  Flowever,  the  transition  to  the  sharp 
decrease  in  py  occured  at  higher  temperature  for 
boron-doped  C-films. 

The  dependence  of  resistivity  anisotropy 
coefficient  K  on  Ts  for  non-doped  and  boron- 
doped  C-films  is  shown  in  Fig.  1.  An  increase  in 
Ts  to  -400  °C  resulted  in  abrupt  increase  in 
resistivity  anisotropy  for  the  films  of  both  types. 
Further  increase  in  Ts  did  not  change  the  value  of 
K.  Note,  that  in  contrast  to  dependence  of  K  on  Ts 
for  non-doped  C-films,  for  boron-doped  C-films 
an  increase  in  the  degree  of  resistivity  anisotropy 
was  more  slow  in  the  temperature  range  20-200 
°C,  and  then  the  value  of  K  also  increased  sharply 
with  increase  in  Ts  to  -400  °C.  At  the  same  time 
the  electron  diffraction  study  revealed  that  the 
films  of  both  types  are  amorphous  in  the 
temperature  range  20-400  °C,  i.  e.,  the  electron 
diffraction  patterns  from  films  have  the  view  of 
several  halos  peculiar  to  amorphous  structure. 
Only  at  Ts>400  °C  the  halos  transformed  in 
broadened  lines  characteristic  of  fine-grained 
defected  polycrystalline  structure  of  graphite. 

The  phenomenon  of  resistivity  anisotropy  in 
amorphous  carbon  films  was  discovered  for  the 
first  time  by  he  authors  of  [4]  and  studied  in  more 
details  in  [5],  The  results  of  study  in  [5]  made  it 
possible  to  propose  the  mechanism  of 
microstructure  formation  of  non-doped  a-C  films, 
which  governs  the  observed  changes  in  a-C  film 
resistivity.  According  to  that  mechanism,  the 
evolution  of  structure  of  non-doped  a-C  film  in 
the  temperature  range  20-400°C  proceeds  via 
nucleation  of  graphite-like  G-phase  in  amorphous 
D-phase.  An  increase  in  Ts  above  400  °C  results  in 
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direct  formation  of  graphite-like  clusters  onto  the 
substrate  instead  of  nucleation  of  G-phase  nuclei 
in  amorphous  D-phase.  With  increase  in  Ts  these 
clusters  become  of  more  ordered  internal  structure 
and  exhibit  mutual  ordering  . 

As  was  mentioned  above,  the  behavior  of 
resistivity  in  non-doped  and  boron-doped  a-C 
films  is  quite  close.  The  observed  difference  for  py 
and  K  in  boron-doped  films  allows  to  suppose  that 
boron  atoms  hinder  the  nucleation  of  graphite  G- 
phase  in  amorphous  D-phase  in  the  temperature 
range  20-200  °C,  and  then  their  influence  on  the 
velocity  of  nucleation  of  G-phase  becomes 
insignificant.  To  this  indicate  also  the 
dependencies  of  integral  intensity  ratio  of  D  and  G 
peaks  on  Ts  in  Raman  spectra  from  non-doped  and 
boron-doped  a-C  films. 

According  the  ideas  formulated  in  [6,  7]  the 
appearance  of  D-peak  in  Raman  spectra  for 
amorphous  phase  indicates  the  ordering  of  the 
structure  in  aromatic  rings  and  graphite-like 
clusters,  and  its  intensity  is  proportional  to  the 
cluster  size  or,  in  other  words,  to  the  degree  of 
structure  ordering.  At  the  same  time,  the  presence 
in  C-film  structure  the  rings  with  symmetry  other 
than  hexagonal  decreases  the  height  of  D-peak. 
Based  on  these  results  one  can  suppose  that  the 
atoms  of  boron  incorporate  into  aromatic  rings, 
which  nucleate  in  disordered  D-phase.  Since  the 
size  of  boron  atoms  differs  from  that  of  carbon, 
then  such  rings  are  distorted.  At  low  substrate 
temperature  (20-200  °C)  the  portion  of  distorted 
aromatic  rings  is  rather  large  and  therefore  the 
disordered  phase  prevail  in  the  structure  of 
growing  film.  With  increase  in  Ts  above  200  °C 
the  rate  of  formation  for  aromatic  rings  increases 
and  they  become  more  ordered  in  graphite-like 
clusters,  oriented  parallel  to  the  substrate  [5]. 
Since  the  concentration  of  boron  in  a-C  film  is 
constant  and  quite  low  (2  at.  %),  then  more  non- 
distorted  aromatic  rings  form  which  do  not 
contain  boron  atoms  and  join  into  graphite-like 
clusters.  As  a  consequence  of  formation  of  such  a 
graphite-like  structure  the  resistivity  py  decreases. 
At  Ts>400-450  °C,  according  to  [5],  the 
mechanism  of  C-film  changes  and  the  C-film 
grows  by  direct  formation  of  fine-grained  graphite 
phase.  In  this  temperature  range  the  boron  atoms 
being  electrically  active  impurity  seem  to  serve  as 
the  sites  for  nucleation  of  G-phase.  Since  the 


resource  of  boron  atoms  is  limited  by  their  low 
concentration  in  C-film,  then  their  influence 
quickly  comes  to  naught  with  increase  in  Ts 
because  of  high  rate  of  formation  of  clusters  with 
graphite  structure. 

As  to  the  character  of  changing  px,  it  was  shown 
in  [5]  that  the  transformation  of  structure  in  non- 
doped  a-C  films  with  change  in  Ts  occurs  mainly 
in  direction  parallel  to  the  substrate  surface.  The 
change  of  the  structure  in  boron-doped  a-C  films 
seems  to  be  of  the  same  nature  and  for  this  reason 
p±  depends  little  on  the  condensation  temperature 
and  follows  the  dependence  peculiar  to  non-doped 
a-C  films. 


Ts  °C 


Fig.  1.  Dependence  of  resistivity  anisotropy 
coefficient  K=(pJ-/pn)  on  substrate  temperature  Ts 
for  non-doped  (1)  and  boron-doped  (2)  C-fihns. 

References 

1.  C.  Ronning,  U.  Griesmeier,  M.  Gross,  et  al., 
Diamond  Relat.  Mater.,  4,  666(1995). 

2.  B.  R.  Stoner,  C.  T.  Kao,  D.  M.  Malta,  and  R.  C. 
Glass,  Appl.  Phys.  Lett.,  62,  2347  (1993). 

3.  G.  A.  J.  Amaratunga,  V.  S.  Veerasamy,  C.  A. 
Davis,  et  al.,  J.  Non-Cryst.  Solids,  164-166, 
1119 

4.  A.  A.  Onoprienko  and  L.  R.  Shaginyan, 
Diamond  Relat.  Mater.,  3,  1132  (1994). 

5.  L.  R.  Shaginyan,  A.  A.  Onoprienko,  V.  F. 
Britun  and  V.  P.  Smirnov,  Thin  Sol.  Films,  397 
(1-2),  288  (2001). 

6.  M.  Chhowalla,  A.  C.  Ferrari.  J.  Robertson,  and 
A.  J.  Amaratunga,  Appl.  Phys.  Lett.,  76  (11), 
1419(2000). 

7.  A.  C.  Ferrari  and  J.  Robertson,  Phys.  Rev.  B, 
61(20),  14095  (2000). 


271 


III.  SPECIFIC  TECHNOLOGIES 


OUTLOOKS  OF  MANUFACTURING  OF  COMPOSITE  MATERIALS 
USING  ULTRASONIC  TECHNOLOGIES 


|Kozlov  A.V|.,  Mordvuk  B.N..  Prokopenko  G.I. 

Kurdyumov  Institute  for  Metal  Physics,  Kiev,  Ukraine 


The  conventional  approach  to  control  of  properties 
of  materials  is  based  on  using  of  alloying  by  some 
impurities.  However  in  a  number  of  cases  this 
approach  comes  across  principled  limitations 
conditioned  by  absence  in  the  nature  of  impurities 
indispensable  for  obtaining  of  materials  with  given 
properties.  Therefore  large  attention  of  the 
explorers  is  attracted  with  composite  materials 
hardened  by  dispersed  particles,  discrete  or 
continuous  fibers  of  phase  that  higher  melting, 
strong  and  rigid  than  matrix. 

The  different  combinations  of  hardening  phases 
and  matrixes,  methods  of  obtaining  from  them  of 
composites  allow  to  receive  a  broad  spectrum  of 
materials  with  a  complex  of  desirable  properties. 
The  application  of  power  ultrasonic  vibrations  in  a 
number  of  composite  materials  manufacturing 
technologies  can  essentially  improve  their 
physical-mechanical  and  functional  properties. 

In  the  present  work  three  directions  of  application 
of  power  ultrasound  for  production  of  composites 
are  reviewed.  The  physical  backgrounds  of  joint 
deformation  in  a  ultrasonic  field  (drawing, 
flattering,  pressing),  application  of  ultrasound 
together  with  powder  metallurgy  techniques  at 
miscellaneous  stages  of  composites  production  and 
at  last  crystallization  of  composites  with  dispersed 
solid  particles  in  a  ultrasonic  field  is  discussed. 
Superposing  of  ultrasonic  vibration  during  joint 
deformation  of  bars  for  composites  allows 


improving  the  quality  of  a  received  material. 

Firstly,  due  to  the  acousto-plastic  effect  the  yield 
strength  of  matrix  is  degreased,  and  consequently 
the  hollow’s  filling  is  improved,  that  in  turn  results 
in  a  decrease  of  a  porosity  of  a  final  aggregate. 
Secondly,  at  ultrasonic  processing  the  processes  of 
diffusion  and  mass- transfer  (see  fig.  1,2)  are 
intensified  [2,3]  that  allow  receiving  composites 
with  high  strength  of  interphase  border  (matrix  - 
reinforcing  phase).  It  should  be  noticed  that 
regimes  of  ultrasonic  processing  must  be  strictly 
definite  to  avoid  the  intensive  interaction  of 
composite  consistents  between  one  another, 
invoking  a  degradation  of  structure  and  properties, 
both  reinforcing  phase  and  matrix  [4], 

The  application  of  ultrasonic  vibrations  during 
composites  manufacturing  by  powder  metallurgy 
techniques  is  also  effective  at  different  stages  of 
process.  The  optimum  regimes  of  ultrasonic 
mixing  and  stirring  of  powders  and  also 
mechanical  alloying  of  different  systems  using 
ultrasonic  mill  designed  in  Institute  for  Metal 
Physics  (IMP)  are  studied  [5].  In  ultrasonic 
grinding  mill  three  mechanisms  of  effects  on 
powders  are  realizing: 

-  effect  of  ultrasonic  vibrations; 

-  mechanism  of  shock  ultrasonic  treatment  (with 
free  working  elements); 

-  effect  of  an  ultrasonic  cavitation  and  acoustic 
flows. 


Fig.l.  Arengement  of  copper  in  aluminium  (a 
and  aluminium  in  copper  (6)  after  ultrasonic 
treatment  of  pair  Cu-Al  [2], 


Fig. 2.  Distribution  of  radioactive  Ni  in  A1  after 
pressing  in  ultrasonic  field  [3]. 

Optimum  regime  of  ultrasonic  treatment  of 
powders  depends  on  power  and  duration  of 
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processing,  different  liquids  (ethyl  spirit,  glycerin, 
acetone  or  water),  spacing  coefficient  of  the 
chamber  for  processing  by  balls,  energy  tensity  and 
temperature  in  the  chamber,  influencing  of 
hydrostatic  pressure  increasing. 

The  possibility  of  modifying  of  powder  materials 
surface  for  improvement  of  their  wettings  by 
metals  melts  or  for  improvement  sintering  in 
ultrasonic  field  is  investigated. 

The  peculiarities  of  mechanical  alloying  or,  in 
other  words,  intensification  of  solid  phase 
reactions  is  shown  on  a  number  of  systems  (Fe-Cu 
after  joint  deformation  in  ultrasonic  field,  Cu-Ni 
after  cavitation  treatment,  Cu-Ni-Fe  after  ultrasonis 
ball  milling). 

Compacting  of  powder  materials  with 
superposition  of  ultrasonic  vibrations  using  special 
equipment  designed  in  IMP  [6]  allows  to 
considerably  increase  the  density  of  obtained 
samples,  and  in  case  of  powder  mixtures  (matrix  - 
reinforcing  phase)  -  to  increase  the  strength  of 
interphase  border  in  composite.  The  features  of 
selection  of  regimes  of  ultrasonic  processing  are 
subject  to  the  rules  set  up  above  for  a  case  of  joint 
deformation.  The  physical  reasons  of  increase  of 
functional  properties  of  the  obtained  composites 
remain  valid  also  (fig. 3.). 

The  third  direction,  in  which  the  investigations  of 
influencing  of  ultrasound  on  process  of  composite 
materials  production  are  conducting,  is 
crystallization  in  an  ultrasonic  field  of  melt  with 
disperse  solid  particles  of  a  reinforcing  phase. 

In  this  case  ultrasonic  action  can  be  characterized 
by  following  consequent  processes  in  indurating 
melt,  having  different  structural  components  [7]: 

1)  Equalization  of  a  solidified  front; 

2)  Dispersion  and  metalization  of  solid  phase 
particles  due  to  ultrasonic  cavitation  and 


N,imp/min 


Fig. 3.  Distribution  of  radioactive  Ni  in  A1  after 
ultrasonic  cavitation  treatment  [3]. 


distri-bution  in  volume  of  centers  of 
crystalline  phase; 

3)  Initialization  of  acoustic  flows  in  a  melt  that 
lead  to  intensive  stirring  and; 

4)  Removal  of  capillary  limitations  at  a  stage  of 
growth  of  crystallization  centers  and 
improvement  of  wettability  by  stayed  liquid. 

The  situation  becomes  more  complicated  in  case  of 
a  directional  crystallization.  There  are  some 
problems  become  essential.  Namely  pushing/ 
engulfment  of  solid  phase  particles  by  a  solidified 
front,  rate  of  solidification,  gradient  of 
temperatures  and  width  of  a  boundary  layer.  The 
connective  processes  in  a  melt  leave  on  the 
foreground. 

From  the  point  of  view  of  heat  effects  on  the  one 
hand  convection  in  liquid  renders  stabilize 
influencing  on  a  solidified  front.  With  other  hand  - 
amplification  of  conventional  flows  leads  to 
decreasing  of  boundary  layer  width  and  increasing 
of  concentration  deviation  of  ingot  from  initial 
concentration  of  a  melt.  Generally  for  acquisition 
smaller  on  the  size  of  disperse  solid  particles  is 
indispensable  more  high  speed  of  crystallization. 
The  introducing  in  a  melt  of  ultrasonic  vibrations 
of  sufficient  power  essentially  changes  a  situation. 
The  conventional  flows  undergo  operating  acoustic 
flows.  Under  operating  of  ultrasonic  cavitation  the 
wettability  of  solid  particles  is  increased,  besides 
solid  particles  pushing  to  solidification  front  by 
acoustic  pressure.  The  complex  of  physical 
phenomena  arising  in  melt  under  ultrasonic  action 
allows  uniformly  arranging  the  reinforcing  phase 
in  composite  ingot  volume. 

The  support  of  the  projects  #  NN32  and  #  2354  is 
gratefully  acknowledged. 
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EFFECTIVE  METHODS  OF  SYNTHESES  OF  PRODUCTS  FROM 
COMPOSITE  MATERIALS  WITH  USE  OF  FOUNDRY  TECHNOLOGIES 

Zatulovskv  A.S..  Lakeev  V.A. 

Physico-technological  Institute  of  Metals  and  Alloys  of  the  NAS  of  Ukraine,  Kiev,  Ukraine 


The  modem  methods  of  syntheses  of  products 
with  use  of  granules,  powders,  particles  allows  to  get 
the  broad  gamma  of  new  materials,  which  have 
unique  characteristics  or  their  combination:  from 
macro  heterogeneous  cast  composite  materials 
(CCM)  to  powdered  materials.  The  choice  of 
optimum  method  of  reception  of  products  from 
composite  material  (CM)  is  defined  by  complex 
technical,  economic,  conjuncture  and  others  factors. 
The  traditional  method  of  technology  of  solid-phase 
consolidation  of  products  from  CM  on  metallic  base 
is  the  powdered  metallurgy,  which  use  for 
production  of  functional  CM  as  an  iron-graphite,  and 
others  types.  Liquid-phase  methods,  which  founded 
on  melted  matrixes  (copper  alloys)  using  in 
technological  process,  which  consolidate  the  hard 
reinforcing  elements  (for  instance,  steel  granules), 
have  number  of  important  advantages: 

-more  short  and  more  inexpensive  production 

cycle; 

-smaller  force  influence  on  the  brittle 
reinforcing  elements  (carbon,  glass-ceramic  and 
others  fibres); 

-expansion  of  nomenclature  of  initial  row 
materials:  possibility  of  secondary  colour  alloys 
using,  metal  scrap,  shavings; 

-more  simple  apparatus  registration, 
possibility  of  existing  melting,  termal  and  others 
equipment  using. 

However  in  comiection  with  high  reactionary 
ability  of  the  high  temperature  matrix  melt  the  more 
strict  record  of  physico-chemical  characteristics  of 
CM  components,  their  changing  and  interactions  at 
process  of  solid-fluid  technology  needs.  How  the 
studies  have  shown,  process  of  CCM  forming  may 
be  divided  into  the  following  stages:  1)  matrix  melts 
moistening  and  spreading  on  reinforcing  elements 
surface;  2)  termal  ,  diffusion  or  chemical  interaction 
between  phases;  3)  crystallisation  of  the  fluid  phase 
(the  matrix  melt);  4)  dissolved-diffusion  interaction 
between  components  (phases)  in  process  of  cooling, 
heat  treatment,  other  finish  processing.  The 
technology  optimisation  depends  on  time  of  contact 
of  solid  and  fluid  phases:  interaction  of  phases  must 
not  have  negative  influence  upon  characteristics  of 
CM. 

For  event  of  the  solid-fluid  holding  the  time 
of  phases  contact  must  be  a  smaller  then  period  of 
an  retardation  of  diffusion  processes  that  provides 
the  reception  of  CCM  by  method  of  solid-fluid 


consolidation  without  connecting  layers  on 
separating  border  of  phases: 

ten  <  tct<  tr<  tgd<  tin,  where 

ten-  the  necessary  time  of  arising  of  strong 
connections  between  CCM  elements,  tcl-  the 
optimum  time  of  the  fluid  and  solid  phases  contact, 
tr-  the  incubation  time  of  heterodiffusion  or 
retardation  of  diffusion,  tgd-  the  duration  of 
geterodiffusion,  which  necessary  to  forming  of  the 
layer  of  brittle  phases,  tjn  -  the  duration  of  formation 
of  a  intennetallids  layer  on  borders  of  phases. 

Optimum  time  of  contact  (U),  as  the  main 
parameter  of  solid-fluidphases  technology  of  CM 
production,  is  a  polyfactor  function  which 
dependent  on  reinforcement  parameters, 
construction  and  measured-geometric  factors.  tc,-is 
yielded  to  exact  calculation  and  is  defined 
experimentally  for  concrete  CCM  and  half-finished 
products.  The  diagram  is  built  in  the  temperature¬ 
time  coordinates,  which  allow  to  forecast  the 
optimum  parameters  of  definite  CCM  structure  from 
the  system  of  bronze  -  steel  shot. 

Requirements  to  row  materials,  which  take 
into  account  the  specific  requirements  of  solid-fluid 
consolidation  of  the  composite  half-finished 
products  with  use  the  foundry  technologies  are 
formulated. 

The  composite  production  perspective 
technology  are  considered  and  recommended  as 
gravity  casting  (soaks)  and  special  types  of  casting 
with  use  the  external  influences.  Each  method  has 
their  own  specific  particularities,  are  optimum  for 
production  of  products  with  concrete  types  of  sizes, 
CCM  composition  and  others  features.  They  are 
tested  and  mastered  technologies  of  composition 
casting,  which  allow  to  cast  from  CCM  the  bushes 
with  diameter:  30-500  mm,  height  before  200  mm, 
thickness  of  wall  5-40  mm.  In  mode  of  dry  friction 
at  slide  velocities  1-10  m/c;  they  are  allowed  the 
loads  5-15  MPa,  in  the  field  of  the  temperature 
before  600-850  °C. 

The  experience  of  industrial  operation  of 
tribo-detail  from  CCM  has  shown  that  using  of  the 
new  high  wear-resistant  tribo-material  and  the 
composition  casting  technologies  gives  the 
significant  technical-economic  effect  in  such  priority 
areas  of  technology,  as  energy,  metallurgy,  car-, 
tractor-machine  building,  agricultural  engineering, 
processing  and  food  industry,  special  engineering 
and  others. 
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EVOLUTION  OF  STRUCTURE  OF  COPPER  AFTER  TORSION 

EXTRUSION 

Varyukhin  V.N.,  Pashiiiskava  E.G,  Doinareva  A.S.,  Tkachenko  V.M.,  Pashinskaya  O.V. 

Donetsk  Physical-Technical  Institute,  NASU,  Donetsk,  Ukraine 


Processes  of  ultrafine-dysper sated  formation  in 
copper,  which  was  produced  by  new  method  of 
intensive  plastic  deformation  by  torsion 
hydroextrusion  (TH),  was  investigated  with  help  of 
methods  of  optical  microscopy,  diffractometer 
analysis  and  measuring  of  microhardness.  It  was 
demonstrated,  that  process  of  structure  formation  in 
process  of  deformation  is  developed  not  linearly, 
but  in  a  few  stages.  It  was  fixed,  that  in  every  phase 
of  deformation  structure  is  fonned,  which  in  general 
case  is  a  superposition  of  microcrystalline  grains 
and  nanoregion.  Nanoregions  are  anisotropic  and 
have  a  size  of  80-200  nanometres.  Degree  of 
stability  of  structures  in  process  of  deformation, 
which  are  originated  after  initiation  of  rotation  mode 
in  it,  was  evaluated  with  help  of  computer 
experiment  by  method  of  molecular  dynamics. 

Last  time  more  attention  is  called  to  receiving  and 
investigating  of  materials  with  particular 
submicrocrystalline  structure,  or  nanostructure.  In 
Donetsk  Phisical-Technical  Institute  method  of  TH 
for  producing  of  nanocristalic  structure  is  proposed. 
Method  permits  to  achieve  large  plastic  deformation 
on  the  massive  test  specimens  (deformation  during 
the  production  cycle  reach  e=2). 

For  investigation  of  transformation  of  structures  in 
copper  in  deformation  processes,  test  specimens 
were  researched  in  initial  condition  (e— 0),  after  the 
first  (e=2.7)  and  following  deformation  cycles 
(e=4,7;  6,7;  8,7;  12,7).  The  changes  was  controlled 
by  methods  of  durometry,  optical  metallography,  X- 
ray  structural  analysis,  optical  microscopy.  It  was 
realized  a  computer  experiment  for  probably 
description  (by  method  of  molecular  dynamics)  of 
initiation  of  rotation  modes  after  large  shear 
deformation. 

All  groups  of  the  specimens  are  characterized  by  the 
equal  structure  of  section,  which  isn’t  differs  in  the 
centre  and  on  the  rim.  After  deformation  e=2.7  the 
grains  are  disintelattice  and  vortical  structure  is 
formed,  which  makes  100%  of  specimens’  area. 
After  deformation,  which  cumulatives,  is  increased 
to  e=12.7,  in  the  centre  single  large  equiaxial  grains 
appear  (140-180  mkm).  It  was  shown  by  methods  of 
X-ray  and  electron  microscopy,  that  with  help  of 
this  type  of  deformation  it  is  possible  to  make  a 
fragmentation  nanostructure  alike  quasy-two- 


dimensional  klasters  with  interplanar  intervals, 
which  were  change. 

It  is  impotent  to  pay  attention,  that  nanoregion 
are  anisotropic  in  volume  of  crystallites,  and 
when  e=4,7,  the  destruction  of  the  received 
structure  takes  place.  We  can  see  it  from  changes 
of  the  axes  of  a  crystalline  lattice  and 
microdistortions,  extension  of  sizes  of  the 
nanoregions,  etc. 

The  investigation  has  shown  that  after  the 
annealing  (  500°C  for  a  one  hour)  specimens  had 
grains  the  size  of  2000  nanometres  -  100  mkm  ( 
the  Table  1). 

The  boundaries  of  the  grains  are  straights,  it  was 
marked  the  twins  of  growth.  The  deformed 
specimens  with  degree  of  deformation  e=2.7 
were  characterized  by  maximum  refinement  of 
grains  (figure  1).  On  the  specimens  with 
deformation  degree  e=4.7  the  beginning  of 
recrystalization  with  growth  of  the  grains  was 
marked.  .There  are  the  regions,  which  contain  the 
very  little  fragments  and  the  tracks  of  the  sliding 
in  the  grains  and  the  slipping  between  ones. 
When  degree  of  deformation  is  e-6.7,  the 
processes  of  recrystalization  and  the  formation  of 
the  submicrocrystalline  regions  are  go  on,  that  is 
why  boundaries  of  the  grains  become  rough,  they 
are  consist  of  the  kinks. 

With  this  degree  of  deformation  the  porouness  of 
specimens  is  developed.  Size  of  the  pores  is  from 
20  nm  to  150  nm.  Next  deformation  to  degree 
e=8.7  is  accompanied  by  further  recrystalisation.. 
In  contrast  to  the  specimens  after  the  annealing, 
specimens,  which  were  deformated  with  that 
degree  of  intensive  plastic  deformation,  have 
indirect  wide  boundaries,  twins  of  growth  are 
absent,  and  there  are  stripes  of  the  sliding  in  the 
grains  and  the  slipping  between  ones. 

The  peculiarities  of  nanofragments,  which  were 
described,  permit  to  surmise,  that  one  of  the 
variants  of  mechanisms  of  the  forming  of  that 
regions  probably  may  be  the  continuous 
nucleation  of  rotation  mode  in  the  plane  of 
deformation. 

It  was  shown,  that  at  fixed  parameters  of  model 
and  speeds  of  deformation  primarily  an  ideal 
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structure  is  transformed,  and  a  new  region  of  ideal 
crystal  is  formed,  in  which  the  axes  of  symmetry  arc 
turned  relatively  the  initial  plane  at  some  angle. 


III.  SPECIFIC  TECHNOLOGIES 


SYNTHESIS  OF  SILICON  CARBIDE  POROUS  MATERIALS  BASED  ON 
ULTRA-DISPERSED  REACTIVE  SYSTEM 

Antsiferov  V.N.,  Gilyov  Y.G.,  Sung  J.S.(1),  Kim  T.W.(1) 

Research  Center  of  Powder  Materials  Science,  Perm,  Russia 
(1)Korea  Institute  of  Energy  Research,  71-2  Jang-dong,  Yoosong,  Daejeon,  Korea 


Silicon  carbide  could  be  used  for  sorption  and 
membrane  separation  due  to  the  inertness  to 
chemicals,  high  temperature  stability  and  abrasion 

durability.  Carbon  promotes  the  sorption  of 

n  21 

organic  impurities  of  fluid  like  a  filter 

The  microporous  silicon  carbide  is  expected  to 
have  high  temperature  stability  because  of  high 
melting  point  of  SiC,  TmeIt=2,540°C  and  high 
sintering  temperature,  0,8  Tmeu  [3],  while  sintering 
temperature  of  the  ultra-dispersed  powders  of  TiN 
and  AIN  is  about  0.45  Tmeit  [4!.  The  reactive  SiC 
synthesis  is  promising  to  obtain  microporous 
materials  [5,6]. 

The  synthesis  of  porous  SiC  in  reactive  system, 
Sis  +  Cs  =  SiC  is  studied.  The  influences  of 
specific  surface  of  reactive  mixture,  pressing  and 
thermal  conditions  are  studied  with  the 
characteristics  of  permeability,  durability  of 
samples. 

The  mixtures  with  surface  of  40-120  m2/g  were 
obtained  through  the  grinding  with  ball  mill.  As 
shown  at  the  Fig.  1  the  sharp  maximum  specific 
surface  area  is  shown  at  a  certain  grinding  time. 


Grinding  time,  min 


As  shown  at  Table.  1  we  obtained  the  samples  with 
porosity  of  45-60%,  pore  size  up  to  0.3  pm 
measured  by  the  bubbling  method  and  specific 
surface  area  of  40  m2/g. 

As  the  specific  surface  area  of  sintering  mixture 
was  increased  up  to  40  m2/g,  the  sintering  time 
and  temperature  and  the  isotherm  reaction  time 
were  increased  comparing  to  the  initial  mixtures 
of  high  Ssp. 

For  high  mechanical  strength  and  absence  of 
shrinkage  during  synthesis  the  harder  melted 
frame  and  graphite-added  mixtures  were  needed 
and  then  the  quick  SiC  reaction  is  realized  in  high- 
dispersed  mixtures. 

Table  1 .  Specific  surface  area,  porosity  and  pore 
size  synthesized  in  argon  with  reaction 
mixtures 


As  shown  at  X-Ray  analysis  (Fig.2)  the  high- 
dispersed  mixture  (Ssp  =  115  m2/g)  provides 
complete  synthesis  of  SiC  during  0.33  hours  at 
1150°C  in  argon.  With  not  so  high-dispersed 
mixture  (Ssp  =  61  m2/g)  there  are  essential  quantities 
of  not-reacted  silicon. 


Fig  1 .  Dependence  of  the  specific  surface  area  of 
reactive  mixture  on  grinding  time  with  ball 
mill 
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Fig  2.  X-Ray  diffraction  (k,  KaCo)  of  SiC  samples 
synthesized  in  argon  at  different  modes:  1  - 
1 650°C,  0. 1 7  h,  1 1 5  m2/g  (Ssp,  mix);  2-11 50°C, 
0.33  h,  61  m2/g;  3  -  1 150°C,  0.33  h,  115  m2/g 


Table  2  shows  the  nitrogen  isotherm  of  samples.  As 
the  micro  pore  (radius)  size  is  about  2, 8-3, 7  nm,  this 
may  be  used  as  a  filtering  of  water  from  the  organic 
molecules  such  as  methylene  blue  and  phenol. 


Table.2.  SiC  pore  structure  (N2  adsorption  isotherm) 


Ssp  of  mix, 
nr /g 

85 

85 

32 

115 

46 

Sintering 

T,  °C 

1600 

1600 

1600 

1150 

1350 

Sintering 
x,  h 

1 

2 

0,5 

0,33 

0,5 

Sintering 

medium 

Ar 

Ar 

Ar 

Ar 

C02 

Porosity,  % 

61 

- 

57 

54 

47 

Sbet  ?  rn2/g 

6,1 

8,6 

18,5 

37,9 

20,7 

SMi ,  mz/g 

3,8 

6,8 

16,2 

30,0 

17,3 

VMj ,  cm7g 

0,003 

0,004 

0,007 

0,015 

0,009 

VMe ,  cmJ/g 

0,008 

0,012 

0,019 

0,045 

0,029 

Ws,  cm7r 

0,011 

0,016 

0,026 

0,060 

0,038 

rp,  nm 

3,6 

3,7 

2,8 

3,2 

3,7 

comparable  to  hydrogen  selective  nano  porous 
membranes. 

Therefore,  there  is  possibility  of  low-temperature 
synthesis  of  porous  silicon  carbide  with  high  specific 
surface  (up  to  40  m2/g)  with  micropores. 
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With  the  porosity  50%  (at  Ssp  =  30  m2/g;  Sspv  =  50 
m2/cm3)  the  effective  pore  radius  estimated  to  be  20 
nm  by  the  equation  of  rp  =  2P/Sy/„,  which  is 
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TWO-STAGES  SCHEME  OF  CARBONLESS  IRON  POWDER 

PRODUCTION 


Khovavko  O.I..  Svyatenko  O.M.,  Semenyuk  N.I.,  Bondarenko  B.I. 

The  Gas  Institute  of  National  Academy  of  Sciences  of  Ukraine 


Last  tenth  years  a  demand  on  iron  powders  with 
unusual  properties  as  in  traditional  productions  has 
been  increased  in  particular  on  carbonless  one, 
which  is  base  of  soft-magnetic  materials  [1]. 

Extant  methods  of  direct  iron  production  do  not 
allow  an  obtaining  of  carbonless  powder  because  of 
carbon-containing  components  presence  in  the  used 
reducing  gases,  which  inevitably  get  to  finished 
product.  For  the  purpose  of  carbonless  powders 
production  the  authors  have  developed  two-stages 
reducing  process  under  atmosphere  of  hydrogen, 
cleaned  from  carbon  impurities. 

It  is  shown  that  electrolytic  hydrogen  gives  the  best 
results.  An  use  of  technical  hydrogen  does  not  allow 
to  obtain  carbonless  iron  powder.  So  the  presence 
even  tenth  part  of  %  of  carbon-containing 
components  in  the  form  of  C02  imports  carbon  to 
powder  not  less  than  0,05%  (because  of  C02 
secondary  conversion  to  CO  by  hydrogen). 

The  gas-tight  conveyor  electrical  furnace  was 
selected  as  a  base  of  reducing  reactor.  It  has  shown 
excellent  results  in  processes  of  hydrogen  reducing 
and  annealing  of  iron  powders  [2], 

During  reducing  in  one  device  it  can  portioned  2 
different  stages  on  kinetics,  namely  [3]: 

-  basic  reducing  process,  which  passes  with  high 
speed  and  big  consumption  of  reagents  to  reducing 
rate  of  90-96%; 

-  process  of  final  reducing  (finishing),  which  runs 
extraordinarily  slowly  and  with  small  reagents 
intake. 

As  process  comes  into  braking  part  (final  reducing) 
effectiveness  of  intensive  process  falls.  It’s  occurred 
due  to  lowering  of  gas-using  coefficient  along  of 
that  a  cost  increases.  Besides,  when  full  oxides 
reducing  is  hold  in  one  stage,  non-uniformity 
reducing  on  height  of  layer  is  observed  because  top- 
crust  on  the  surface  of  charge  is  created.  The  crust 
prevents  material  from  hydrogen  penetration  into, 
and  also  from  rejection  of  connected  oxygen  outside. 
This  fact  limits  the  height  of  initial  super¬ 
concentrate  charging  on  a  belt  of  conveyor  electric 
furnace. 


It  is  necessary  to  decrease  a  strength  against 
hydrogen  supply  into  the  middle  of  reducing 
material.  An  intermediate  grinding  of  cake  allows 
liquidating  sintered  “crust",  fulfilling  a  magnetic 
separation,  averaging  powder  heterogeneity  on 
reducing  degree.  A  bulk  density  while  single-stage 
process  does  not  exceed  1,4- 1,6  g/cm  .  But 
according  to  the  acting  GOSTs  a  bulk  density  of  iron 
powder  should  be  within  2,3-3,0g/cm  .  An 
interruption  of  reducing  process  enables  to  make 
pre-compacting  of  pre-reduced  iron  powder  to 
increase  a  bulk  density.  The  interruption  allows 
decreasing  the  height  of  charging  layer,  and  thus 
multiplies  productivity  on  ready  product.  One  of 
such  method,  which  has  been  approved,  is  rolling  of 
powder  and  next  grinding  of  obtained  sheets. 

The  offered  at  the  Gas  Institute  of  NASU  conception 
of  reduced  iron  powders  production  on  two-stage 
scheme  consists  following. 

At  first  stage  spongy  iron  with  reducing  degree  of 
90-96%  is  obtained  by  dint  of  processing  of 
carbonless  iron  super-concentrate  in  atmosphere  of 
electrolytic  hydrogen  (reduction  furnace). 
Temperature  of  the  process  is  800-900  CC.  Second 
stage  is  deep  iron  reducing  in  atmosphere  of  dried 
hydrogen  under  800-900  DC  (annealing  furnace). 
Such  process  of  obtaining  reduced  iron  powder  does 
not  request  operation  of  carbon  elimination,  and  also 
enables  to  get  final  product  with  good  technological 
properties. 

Although  the  use  of  electrolytic  hydrogen  enables  to 
get  splendid  carbonless  powder  but  given 
technology  is  rather  energy  intensive.  It  explains  by 
expends  on  production  of  electrolytic  hydrogen  (app. 
5kW  per  1  m3  of  H2).  Therefore  authors  carried  out 
an  attempt  to  improve  the  two-stages  scheme  of 
reduced  iron  powder  production  in  gas  atmosphere 
with  injection  into  system  the  re-circulation 
hydrogen  contour. 

The  offered  scheme  of  a  gas-supplying  system 
provides  with  feeding  into  annealing  furnace  only 
electrolytic  hydrogen,  but  into  reducing  furnace  a 
dust-free,  chilled,  worked-out  hydrogen  after 
annealing  furnace  and  re-circulation  gases  are 
supplied. 
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Fig.  1.  Two-stages  scheme  of  carbonless  iron  powder  production.  1 -reducing  furnace;  2,13-fridges;  3,14-scrubbers; 
4,9,10,15-drop  catchers:  5,16-blowers;  6-reactor  of  catalytic  conversion;  7-heat  changer;  8-crio-fridge;  9-adsorber; 
12-annealing  furnace. 


Such  scheme  is  created  taking  into  account  that 
oxygen  is  removed  from  charge  reducing  furnace  in 
quantity  88-95%  and  5-12%  from  charge  annealing 
furnace.  If  we  use  martite  super-concentrates, 
quantity  of  removed  oxygen  is  26,5-28%  in  reducing 
furnace  and  only  3-4%  in  annealing  furnace. 

Herewith  it’s  necessary  to  note  that  hard  reduced 
low-porosity  particles  and  off-the-shelf  in  a  charge 
the  double  and  triple  oxides  such  as  hertsenite, 
phayalite  and  etc.  can  be  additionally  reduced  in 
annealing  furnace.  A  pure  hydrogen  feeding  for  one 
passageway  into  annealing  furnace  allows  using  its 
high  reducing  ability. 

But  considerable  part  of  hydrogen  oxidizes  to  H20 
in  reducing  furnace.  We  need  to  support  sufficient 
reducing  potential  of  worked-out  gas  and  removed  it 
from  the  furnace  as  quick  as  possible  and  dehydrate 
it.  The  computations  show  that  optimum  rate  of 
fresh  (from  annealing  furnace)  and  re-circulating 
flows  is  1:3;  1 :4. 

Among  the  used  reducing  gases  as  endogas, 
technical  hydrogen,  cracked  ammonia,  electrolytic 
hydrogen  we  have  fixed  on  the  last  one  for  feeding 
into  annealing  furnace.  This  has  been  done  taking 
into  account  that  carbon-containing  components, 
which  are  in  the  first  two  reductants,  get  inevitably 
into  a  final  product  during  raw  powder  annealing.  It 
is  inexpedient  to  re-circulate  cracked  ammonia, 
which  contains  25%  of  nitrogen,  because  during  gas 
re-circulation  a  residual  nitrogen  will  be 
accumulated  in  system.  Therefore  a  quantity  of 
nitrogen  will  reach  -52%  after  second  circulation 
and  70  %  after  third  one  accordingly  hydrogen 
content  will  be  app.  25  and  15  %  (when  Fe203 
loading  is  75  kg/h,  quantity  of  circulated  gas  Q=100 


m3/h).  So  after  several  circulations  gas-reducing 
potential  becomes  lowers  and  process  economy 
drastically  falls  down.  An  application  of  a  clean 
dried  electrolytic  hydrogen  allows  obtaining  of  a 
clean  on  carbon  iron  powder.  Low  moisture  content 
in  reducing  gas  enables  to  get  final  iron  powder  with 
high  degree  reduction. 

Only  gases,  outgoing  from  reducing  furnace  are  well 
handled  to  regenerate  and  re-circulate.  Such  gas- 
supplying  system  decreases  the  requirements  on 
cleanness  of  gases-reductants  concerning  admixtures 
rate  at  reducing  stage,  and  guarantees  high  quality  of 
iron  powder  after  annealing,  if  a  fresh  clean 
electrolytic  hydrogen  is  only  used.  This  allows 
simplifying  and  making  cheaper  the  gases 
regeneration  and  re-circulation  system  for  reducing 
furnace. 

Process  partition  on  2  stage  with  application  of  re¬ 
circulation  contour  on  reducing  gas  gives  possibility 
irnprove  not  only  powder  quality,  its  chemical 
composition  and  technological  properties  and  to 
save  energy  with  point  of  view  of  used  H2 
generation. 
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SYNTHESIS  OF  THE  MODIFIED  BIOACTIVE  CALCIUM 

HYDROXYAPATITE 

Zaslavskaya  L.V..  Belousova  E.E,  Rosantsev  G.M. 

Donetsk  National  University,  Donetsk,  Ukraine 


Calcium  hydroxyapatite  (HA)  is  a  perspective 
biologically  active  material  used  in  medicine  as  a 
substitute  of  a  bone  substance  [1].  Synthetic  HA 
has  no  the  sufficient  physics-mechanical 
characteristics  in  comparison  with  a  human  bone. 
With  the  purpose  of  increase  of  durability 
hydroxyapatite  ceramics  enter  various  modifiers 
[2].  It  is  known,  that  in  quality  of  implants  can  be 
used  the  bioactive  glasses  and  sitalls,  which 
synthesis  is  carried  out  on  a  basis  of  calcic  and 
phosphoric  systems  [3].  The  majority  of  the 
researchers  connect  bioactivity  of  these  materials 
to  formation  of  the  apatite  layer  in  a  transitive  zone 
implantant-bone  . 

The  purpose  of  the  given  work  is  the  research  of  an 
opportunity  of  fonnation  the  calcium 
hydroxyapatite  ,  modified  by  lanthanum  ions, 
silicon  and  tantalum  with  the  subsequent  study  of 
durability  of  ceramic  samples.  In  the  work  it  was 
given  the  conditions  of  synthesis  of  calcium 
hydroxiapatit  modified  by  the  lanthanum  and 
silicon  ions  using  the  method  of  precipitating  from 
the  water  solutions.  It  was  determined  that  pH  of 
initial  solutions  and  precipitation,  concentration 
and  temperature  processing  influence  on  the 
composition  of  the  modified  product.  It  was  shown 
that  the  introducing  of  the  oxygen  compounds  of 
tantalum  improve  the  physical  and  mechanical 
properties  of  ceramics. 

Synthesis  calcium  hydroxyapatite,  containing  ions 
lanthanum  and  silicon  (HALS)  of  structure  Ca9  La 
(P04)3  (Si04)(0H)2,  carried  out  under  the  circuit: 
9Ca2+  +  La3+  +  5P043'  +  Si032'  +  40H'  ^Ca 
9La  (P04)  5  (Si04)  (OH)  2 

In  this  reaction  OIL  groups  carry  out  two 
functions  :transfer  metasilicate-ion  to  the 
ortoforme  and  enter  in  the  structure  of  a  HALS 

The  choice  of  area  pH  precipitated  of  the  specified 
connection  was  carried  out  on  the  basis  of 
modeling  processes  in  initial  solutions.  Is 
established,  that  the  first  function  of  OH-  group  is 
carried  out  in  area  pH  12,5.  The  metasilicate-ion 
practically  passes  in  ortoforme,  calcium  is  as 
CaOH  +,  phosphorus  -  as  P043'.  There  fore, 


synthesis  HAJIS  carried  out  at  pH  from  12,5  up  to 
13,5.  The  workers  meanings  were  been  chosen 
pH:  12,5;  12,75;  13,0;  13,25;  13,5,  and  for 
comparison  one  synthesis  was  been  carried  out  at 
natural  meaning  pH  of  initial  solutions 
(PHAn~l  1,2). 

Synthesis  carried  out  in  reactor  at  t=1000C  within 
two  hours.  The  received  deposits  were  been 
filtered,  washed  out  and  dried  up.  The  synthesized 
samples  were  been  tempered  at  t=800  0C  within 
2,5  hours,  pressed  in  hydrostatic  conditions  and 
annealed  at  1200  °C.  The  received  ceramics  was 
been  subjected  to  methods  of  the  chemical,  X-ray 
phase  and  IR-spectrum  analysis. 

On  the  data  XRA  powders  synthesized  at  natural 
meanings  pH  Anil, 2  with  subsequent  annealing  at 
800  °C,  represent  a  mix  of  average  calcium 
phosphate  (TCP),  lanthanum  and  silicate  calcium 
CaSi03.  Is  shown,  that  the  introduction  of  OH  - 
groups  during  synthesis  for  increase  pH  up  to  12,5 
is  accompanied  by  formation  alongside  with 
lanthanum  phosphate  TCP  and  calcium 
hydroxyapatite.  At  increase  pH  up  to  13,25-13,50 
there  is  a  formation  of  a  product  to  structure 
calcium  HA,  which  reflexes  are  displaced  in  the 
party  of  smaller  comers,  the  IR-spectra  of  these 
samples  are  typical  for  calcium  HA  except  for 
three  strips:  515,  890-925  sin'1,  which  can  be 
referred  to  fluctuations  of  anion  Si044',  included  in 
structure  HALC. 

The  measurements  of  destroying  pressure  on  a 
ceramic  sample  and  account  of  border  of  durability 
on  a  bend  have  shown,  that  the  durability  modified 
hydroxyapatite  HALC  twice  is  more,  than  at  pure 
HA.  However,  the  maximal  durability  has  ceramic 
samples  representing  a  mix  Ca3  (P04)2  and  HALC. 
The  satisfactory  results  are  received  also  with  the 
additive  representing  a  firm  solution  of  the  calcium 
hydroxyapatite  on  a  basis  calcium  tantalate  , 
received  by  the  above-stated  way. 

As  a  result  of  work  the  circuit  of  synthesis 
HALsilicium  is  offered  and  the  ceramics  with 
improved  strong  by  the  characteristics  is  received. 
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With  the  purpose  of  preparation  of  the  second  kind 
modified  hydroxyapatite  was  investigated  chemical 
precipitated  in  systems  from  ammonium 
hydrophosphate,  tantalum  acid,  calcium  nitrate  and 
ammonia  depending  on  mole  correlation  of  initial 
solutions. 

The  data  of  residual  concentration  testify  that 
tantalum  and  phosphorus  is  completely  connected 
with  calcium  as  difficult  dissoluble  connections. 
Obtained  the  samples  are  represented  by 
heterogeneous  mixes  consisting  from  of  the 
calcium  hydroxyapatite, of  the  tantalum  acid  and  of 
the  insignificant  quantities  Ca  (OH)2  ,  that  is 
confirmed  by  the  data  of  the  X-ray  analysis. 

Is  established,  that  at  1000°C  in  structure  of 
heterogeneous  products  the  phases  Ta205, 
Ca4Ta209  and  not  identified  phase  are  found  out. 
At  increase  of  temperature  up  to  1200°C  as  a  result 
of  chemical  interaction  the  reflexes  of  the  not 
identified  phase  disappear,  and  the  final  product 
consists  of  various  quantity  Ca4Ta209,,  Ca2Ta207 
with  an  impurity  hydroxyapatite.  At  1200°C  the 
formation  of  compound  CaTa206  with  orto- 
rhombic  structure  is  observed.  The  displaced 
reflexes  on  X-ray  diagram  assume  formation  of  a 
firm  solution  calcium  hydroxyapatite  on  a  basis 
Cala206  of  the  following  composition: 
0,7Ca10(PO4)6(OH)2+3CaTa2O6.  In  conditions  of 
experiment  for  tantalum  the  formation  calcium 
tantalate  with  pirochlorine  structure  of  composition 
Ca2Ta207  is  characteristic.  The  displaced  reflexes 
calcium  hydroxyapatite  and  Ca2Ta207  on  X-ray 
diagram  assume  their  mutual  solubility. 

The  results  of  researches  of  series  with  tantalium 
were  used  for  preparation  of  ceramics  on  a  basis 
calcium  hydroxyapatite  ,  received  by  precipitation 
from  water  solutions.  Carring  out.  of  research  have 
allowed  to  choose  optimum  quantity  of  the 
modifier,  and  also  to  fulfil  conditions  of  heat 
treatment,  including  temperature  and  duration  of 
the  kilning  of  a  product.  The  quantity  of  the 
modifier  (the  samples  with  tantalium  and  other), 
added  in  calcium  hydroxyapatite  in  all  cases  made 
2,5  mole  of  %. 

From  the  received  results  follows,  that  the 
satisfactoriest  results  have  turned  out  with  the 
additive  representing  a  prospective  firm  solution 
calcium  hydroxyapatite  on  a  basis  Ca2Ta206. 
Received  parameter  practically  coincides  with 
parameter  organic  bone  and  in  this  case  -90 
MPa(tensile  strength). 


The  introduction  tantalium  oxyde  has  given 
unsatisfactory  results,  since  the  ceramics  turned 
out  friable.  The  same  result  has  turned  out  on  the 
additive  representing  of  a  firm  solution  of  the 
calcium  hydroxyapatite  on  a  basis  calcium 
niobiumate.  The  ceramics  with  the  additive 
niobium  oxyde  (v),  yttrium  oxyde  (III)  and 
lanthanum  oxyde  (III)  has  practically  identical 
meanings.  This  parameter  (tensile  strength)  on 
pure  calcium  hydroxyapatite  makes  48,73  MPa. 
But  it  is  lower  than  result  with  the  additive 
representing  a  mix  of  the  calcium  hydroxyapatite 
and  Ca2Ta207,  and  also  mix  of  the  calcium 
hydroxyapatite  and  his  Finn  solution  on  a  basis  of 
the  calcium  tantalate. 

The  data  X-ray  of  the  analysis  of  ceramics  have 
shown,  that  its  structure  does  not  vary  after  heat 
treatment. 

Thus,  it  is  possible  to  consider,  that  most 
perspective  in  creation  hydroxyapatite  of  ceramics 
are  the  combinations  on  a  basis  of  calcium 
hydroxyapatite,  modified  by  oxyde  compounds  of 
the  tantalium. 
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THE  ANODE  DISSOLUTION  OF  LA  (III)  IN  WATERLESS  SOLVENT 

Kostyuk  N.N.,  Dick  T.A.,  Tereshko  N.V. 

Institute  of  Applied  Physical  Problems  of  Belarus  State  University,  Kurchatov  str.  7,  220064  Minsk 

Belarus 


In  the  last  years  the  chelate  complexes  of  rare  earth 
elements  which  capable  to  sublimate  at  moderate 
temperatures  are  of  considerable  chemical  and 
industrial  interest.  P-Diketonates  have  the  special 
place  among  them.  Thank  to  it  property  this 
compounds  are  widely  used  in  an  application  to  the 
deposition  of  metal  films,  coatings  [1],  in  the 
optics  and  electrotechnical  industry  and  in  analytic 
chemistry  [2]. 

At  perspective,  the  development  of  chemistry  of  |3- 
diketonates  leads  to  it  heavy  industrial  aplication, 
so  a  very  actual  problem  is  a  search  for  the  new 
methods  of  synthesis  the  given  class  of  compounds 
and  investigations  of  it  physical  and  chemical 
properties. 

At  present,  many  methods  of  obtain  of  given 
compositions  are  existing.  The  most  perspective  of 
them  are  the  next:  a  direct  interaction  of  zero- 
valent  metal  with  a  ligand,  reactions  of  ligand 
exchange  and  electrochemical  method.  The  last 
one  is  more  universal  unlike  others.  It  has  many 
advantages,  such  as  the  one-step  process,  the 
absence  of  by-products  and  others. 


The  anode  dissolution  of  La  with  acetylacetone 
(2,4-pentanedion,  C5H802,  HAA)  has  been  done  in 
this  work.  The  electrolysis  was  carried  out  in  the 
glass  cell  without  diaphragm,  described  early  [3]. 
The  test  for  the  presence  of  the  metal  has  been 
pursued  by  bum  of  the  charge  of  the  substance  at 
temperature  of  900°C.  The  IR-spectrum  of  the 
allocated  substances  was  registered  by 
spectrophotometer  “Specord  75  IR”  in  the  regions 
of  frequency  from  4000  to  400  sm  1  from  the  films 
of  acetone  and  from  the  suspension  of  vaseline  oil. 
The  weight  loss  in  the  termogravimetrical  studies 
was  registered  on  the  apparatus,  has  been  specially 
developed,  in  an  inert  atmosphere  and  in  an  air. 

At  the  present  work  the  metalic  La  was  used  as 
anode,  the  nickel  foil  as  cathode,  for  a  supporting 
electrolyte  lithium  chloride  (LiCl)  for  the  ethanol 
and  tetraethylammonia  bromide  (N(Et)4Br)  for 
acetonitrille.  The  basic  data  of  the  electrolysis  are 
represented  in  the  table  I. 


Table  I. 


The  basic  data  of  the  electrolysis 


hf2 

metal 

Liga 

nd 

T,K 

electrolyt 

Current 

density 

mA/sm2 

Reaction 

time 

Quantity 

of 

electricity 

Q,  Kl 

Current 
efficiency 
of  the 
metal 
% 

Isolate 

compl 

ex, 

% 

Calculate 

formula 

1 

La 

HAA 

293 

EtOH+LiCl 

28-8 

2h.40min 

905,3 

148 

85 

La(AA)3» 

0,5C2H5OH 

2 

La 

HAA 

293 

CH3CN+TE 

AB 

21-6 

3h.l0min 

529,48 

117 

72 

La(AA)3 

The  element  metal  analysis  of  the  allocated  La(AA)3*0,5C2H5OH  (substance  I)  in  ethanol 

substance  (tab.  II)  has  allowed  to  assume,  that  as  a  solvent  and  La(AA)3  (substance  II). 

result  of  synthesis  are  compounds  of  composition 

Table  II 


The  data  of  The  element  analysis  on  metal 


X° 

The  formula  of  the 
substances 

Find,  La% 

L&xnidle,  % 

Calculate  ,  La% 

1 

2 

1 

La(AA)3»0,5C2H5OH 

30,20 

30,22 

30.21 

30,25 

2 

La(AA)3 

32,12 

32,08 

32,10 

32,06 
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The  assumed  data  about  the  structure  of  chelate  method.  The  frequencies  of  the  absorption  bands  of 

complexis  was  supported  by  IR-spectroscopy  the  allocated  substances  are  tabulated  in  Table  III. 


Table  III 


The  vibration  frequencies  of  chelate  complexes. 


The  vibration 
frequencies  of 
La(AA)3.0,5C2H5OII 

The  vibration  frequencies  of 
La(AA)3 

The  characteristic  of  frequencies 

3600-3000,, 

1585vs, 

1 555,1, 

1490* 

1460sh. 

1580v,s, 

1480st 

1455sh. 

u(OII) 

u(CO),  u(C-rC),  5(CH3) 

5(CH3) 

d(CO),  o(C^C) 

S(CH3) 

*v.st.  -  the  very  strong  bands;  *st.  -  the  strong  bands;  *sh.  -  the  shoulder. 


The  absorption  bands  in  the  spectrum  of  the 
substances  in  the  region  1600-1480  cm'1  shows  the 
coordinative  connection  between  central  atom  and 
the  organic  ligand  (1585v.st,  1550sh.,1490s.  for  the 
substance  I  and  1580vst,  1480st  for  the  substance 
II). In  the  La(AA)3*0,5C2H5OH  spectrum  is  the 
wide  absorption  band  in  the  region  3500  - 
3000  cm'1,  related  to  the  valence  vibration  of  the 
OH-groups,  suggesting  that  ethanol  is  present  in 
the  composition  of  the  complex. 

Our  assumption  about  the  complex  composition 
were  confirmed  with  the  help  of  thermogravimetry 
(TG)  method.  Based  on  the  data  about  the  weight 
loss  of  the  charges,  the  TG-curves  have  been  build. 
It  follows  from  these  that  the  maximum  weight 
loss  in  the  region  250-320°C  for  the  substance  I 
and  190-260°C  for  the  substance  II  are  74,3%  and 
73,1%  respectively.  On  TG-curves 
La(AA)3«0,5C2H5OH  forms  the  plateau  in  the 
region  of  temperatures  120-147°C,  where  weight 
change  is  5,75%.  So  as  calculated  loss  is  5,3%,  it  is 
felt  that  the  molecules  of  ethanol  is  out  from  the 
complex. 

On  the  basis  from  the  data  of  TG-analysis 
isothermal  warming  up  of  the 
La(AA)3«0,5C2H5OH  sample  to  constant  weight  in 
an  inert  atmosphere  at  120°C  has  been  done.  The 
weight  loss  is  proves  to  be  5,8%.  It  is  in  complete 
agreement  with  the  calculated  data,  when  0,5 
moles  of  ethanol  are  out  from  the  complex.  There 
is  no  the  absorption  bands  in  the  region  3500-3000 
sm'1  in  the  IR-spectrum  of  the  warming  substance. 
It  proves  an  absence  of  ethanol  in  the  complex. 

Thus,  it  was  shown,  that  anode  dissolution  of  La 
(III)  in  waterless  solvent  at  presence  acetylacetone 
leads  to  formation  an  adducting  complex  La(AA)3 
•0,5C2H5OH  in  ethanol  and  La(AA)3  in 
acetonitrile. 


REFERENCE 

1.  Syrkin  V.G.  “CVD  Method.  Chemical  Vapor- 
Phase  Metallization”.  Moscow,  2000,  496  p. 

2.  Suglobov  D.N.,  Sidorenko  G.V.,  Legin  E.K. 
‘Flying  organic  and  complex  substances  of  the 
f-elements’.  Moscow,  ‘Energoatomisdat’, 
1987,  209  p. 

3.  V.I.  Shirokii,  N.N.  Kostyuk,  T.A.  Dick,  A.G. 
Trebnikov,  1. 1.  Vinokurov  “Possibillity  of 
electrochemical  synthesis  of  Sm(II)  and 
Sm(III)  acetylacetone  complexes” 
International  conference  “Metaloorganic 
compounds  are  materials  of  the  future 
millenium.”,  2000,  p.  135 


284 


III.  SPECIFIC  TECHNOLOGIES 


THE  THERMAL  PROPERTIES  OF  THE  TRIS¬ 
PIV  ALOYLTRIFLUOROACETON  ATE  RARE  EARTH  METAL 

COMPLEXES 
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Belarus 


It  is  known,  that  for  reception  films  of  the  high- 
temperature  superconductors,  alongside  with 
physical,  various  chemical  methods  are  widely 
used.  From  the  last  the  method  of  chemical 
deposition  from  a  vapor  phase  is  most  perspective. 
When  development  of  the  technology  CVD  by  the 
first  and  basic  question  is  the  choice  of  the  flying 
substances  satisfmg  as  minimum  two 
requirements:  they  should  have  a  technologically 
acceptable  pair  pressure  and  pass  in  a  vapor  phase 
(to  evaporate  and  to  sublimate)  without 
decomposition  [1,  2].  P-Diketones  of  metals  satisfy 
these  conditions.  They  have  high  volatibility  at 
rather  low  (100-300°C)  temperatures.  Based  on  a 
literary  data  [1],  the  replacement  of  atom  of 
hydrogen  by  fluorine  in  a-position  of  the  P~ 
diketone  results  in  increase  volatibility  of  the  p- 

The  given  thermal  research  date  of  the 


diketonates,  however  thus  there  is  a  reduction 
thermostability  of  the  chelate  complexes.  In  this 
connection  it  is  very  important  to  know  thermal 
property  of  the  CVD  technology  substances. 

In  the  present  work  the  purpose  concerning 
research  of  thermal  behaviour  tris- 
pivaloyltrifluoroacetonate  rare  earth  metal 
complexes  (1,1  ,l-trifluoro-5,5-dimethyl-2,4- 

hexandione)  has  been  done.  It  was  put  for  their 
thermal  stability  and  volatibility  on  the  basis  of  the 
data  thermogravimetry.  There  are  the  data 
concerning  the  beginning  of  sublimation 
researched  chelate  complexes,  the  interval  of 
temperatures  which  characterize  directly  processes 
of  sublimation  and  thermal  decomposition,  and 
also  the  maximal  losses  of  weight  in  the  table. 

tris-pivaloyltrifluoroacetonate  rare  earth  metal 


complexes 


Tris-chelate  complexes 

Max.  losses  of  weight  at 
thermogravimetry.,  % 

Tbeg.°C 

TrT2°C 

PrL3 

77,8 

60 

208-290 

r  PrL3«0,75Phen 

96,5 

150 

250-334 

SmL3 

77,3 

60 

232-286 

EuL3 

86,6 

89 

198-284 

EuL3*Dip 

92,9 

150  ‘ 

240-323 

EuL3»0,5Dip 

92,9 

140 

252-320 

EuL3*0,25Phen 

92,0 

90 

256-347 

yl3 

94,7 

70 

198-282 

GdL3 

—  86,0 

60 

222-254 

TbL3 

88,7 

80 

248-280 

DyL3 

87,8 

60 

212-300 

DyL3«0.5Phen 

96,7 

100 

244-324 

HoL3 

86,4 

110 

220-300 

TmL3 

87,8 

100 

178-290 

YbL3 

97,7 

90 

1 82-268 

LuL3 

90,6 

120 

204-284 

Where  Tbeg.  -  temperature  at  which  changes  of 
weight  begin;  TrT2  -  an  interval  of  temperatures  of 
the  maximal  loss  of  weight;  L 
pivaloyltrifluoroacetonate;  Dip  -  a,  a'-dipyridile; 
Phen  -  1,10-phenantroline. 


It  is  possible  to  notice,  that  for  many  tris- 
pivaloyltrifluoroacetonate  rare  earth  metal 
complexes  rather  small  temperatures  of  the 
beginning  of  it  sublimation  are  characteristic,  less 
100°C  for  YL3,  GdL3,  TbL3,  DyL3,  PrL3,  SmL3, 
EuL3*0,25Phen  and  YbL3. 
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The  data  given  in  the  table  testify  that  for  tris- 
chelate  complexes  of  the  easy  trivalent  metals  have 
the  lower  values  of  the  maximal  losses  of  weight 
{less  than  78  %  for  tris-chelate  complexes  Sm  and 
Pr),  than  for  the  tris-complexes  of  heavy  metals 
ittrium  subgroups  (from  86  %  at  GdL3,  up  to  97,7 
%  at  YbL3).  It  is  obviously  connected  with 
different  stability  of  the  substances:  tris-chelate 
complexes  of  the  heavy  rare  earth  metals  because 
of  lantanium  compression  are  steadier  [3],  It  is 
shown,  that  adductoformation  results  in  increase 
volatibility  of  the  tris-pivaloyltrifluoroacetonate 
rare  earth  metal  complexes  that  well  is  coordinated 
to  the  literary  data  [3].  For  example,  the  maximal 
losses  of  weight  for  EuL3  is  86,6  %  while  for 
EuL3*Dip,  EuL3-0,5Dip  and  EuL3*0,25Phen  one 
grow  up  to  92,9;  92,9  and  92,0  %  accordingly.  It 
speaks  that  the  adductformation  due  to  a  saturation 
of  the  coordination  sphere  of  the  metal  - 
complexoformate,  resulting  at  suppression  of 
processes  of  polymerization  the  tris- 
pivaloyltrifluoroacetonate  rare  earth  metal 
complexes. 

Thus,  the  received  results  of  the  thermogravimetry 
researches  testify  that  the  tris- 


pivaloyltrifluoroacetonate  rare  earth  metal 
complexes  have  high  an  ability  to  sublimation. 
They  may  be  used  for  substances,  which  may  be 
apply  in  CVD  processes.  It  is  shown,  that 
adductformation  with  neutral  ligands  results  in 
increase  volatibility  tris-pivaloyltrifluoroacetonate 
rare  earth  metal  complexes. 
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THE  ION  IMPLANTATION  FOR  IMPROVEMENT  OF  THE  PROTECTIVE 
NITRIDE  LAYERS  PROPERTIES  FOR  APPLICATION 
IN  BIOCOMPATIBLE  ENVIRONMENT 

Fedirko  Victor,  Pohreliuk  Iryna,  Yaskiv  Oleh,  Mynyk  Switlana 

G.  V.  Karpenko’  Physico-Mechanical  Institute  of  NASU,  L’viv,  Ukraine 


The  complex  of  the  high  service  properties 
such  as  corrosive  resistance,  ductility,  specific 
strength  and  hardness  causes  the  wide  using  of 
titanium  and  its  alloys  as  biocompatible 
implantator  in  medicine  [1],  Lately  in  the  case  of 
foreign  body  embedding  into  living  tissue  of 
human  organism  the  titanium  alloys  samples  with 
surface  layers  modified  by  interstitial  elements 
(nitrogen,  boron,  carbon)  were  started  to  use  [2], 
The  aim  of  this  report  was  to  determine  the  using 
effectiveness  of  additional  surface  treatment  of 
titanium  (boronizing,  nitriding)  in  the  term  of  its 
biocompatibility  in  human  organism  circulatory 
system. 

The  titanium  saturating  of  interstitial 
element  was  carried  out  by  chemical  and  thermal 
treatment  and  ion  implantation  and  also 
consecutive  treatment  of  these  both  methods.  The 
latter  let  combine  the  advantages  of  both  treatment 
such  as  the  possibility  of  treatment  the  complex 
form  samples,  obtain  the  depth  modified  layers  at 
thermodiffusive  saturation  and  make  the  controlled 
alloying  during  ion  implantation. 

The  VT1-0  titanium  alloy  samples 
(15xl0xlpm)  typical  purity  were  investigated. 
Prior  to  saturating  the  samples  surface  were 
polished  (Ra=0,4  pm).  The  chemical  and  thermal 
treatment  was  carried  out  in  nitrogen  atmosphere  at 
the  temperature  range  of  750. .  .950  °C  for  5  hours. 
The  nitrogen  of  typical  purity  has  been  cleared 
from  oxygen  and  humidity  (<0,05%)  by  passing 
trough  the  chamber  with  silicagel  and  titanium 
shaving.  The  samples  had  been  ion  implanted  with 
voltage  E  =  40  keV  and  current  1  =  20  pmA/sm2 
and  boron  ion  flux  D  =  101S  ion/sm2.  The 
electrochemical  tests  were  performed  with 
potentiostat  PI-50- 1.1.  The  potentials  are  reported 
with  the  respect  to  a  chlorine  -silver  electrode.  The 
polarization  curves  were  obtained  with  a  scan  rate 
of  0,2  V/s. 

The  corrosive  behaviour  tests  were  carried 
out  in  0,9%  aqueous  solution  of  sodium  chloride 
possesses  the  most  like  human  blood  chemical 
biological  properties. 

The  boron  ion  implantation  of  nontreated 
(without  nitriding)  VT1-0  titanium  alloy  samples 


results  in  not  only  boron  dissolution  but  also  start 
the  boride  formation.  The  low  intensity  of  lower 
borides  (Ti2B  and  Ti2B5)  indicates  the  presence  of 
these  phases  in  small  amount  at  surface.  It  already 
results  in  the  surface  hardness  increasing  by 
0,3  GPa. 

It  is  known  that  borides  possess  the  highest 
hardness  among  wide  using  interstitial  phase 
(oxides,  nitrides,  carbides,  and  borides)  [3].  But  the 
large  size  of  boron  atoms  is  the  obstacles  the  depth 
strengthened  layers  forming.  In  this  paper  the 
boron  ion  implantation  influence  on  the 
strengthening  of  mtnded  samples  obtained  by 
thermodiffusive  saturation  was  determined. 

The  weigh  growth  tests  revealed  the 
influence  of  nitride  layer  structure  on  boron 
saturation  process.  That  is  the  largest  weigh  growth 
in  respect  to  area  unit  is  observed  for  nitride  layer 
with  considerable  imperfection  due  to 
thermocycling  after  boron  implantation.  The 
reduction  of  nitride  layer  structural  heterogeneity 
complicates  the  diffusion  boron  penetration.  It  was 
established  that  the  boron  modification  the 
pretreated  samples  promotes  the  surface  increasing 
by  3, 4... 4, 2  GPa  for  nitrided  samples  at  low 
temperature  (750  °C)  and  cycling  (750<->850  °C) 
and  by  2, 3... 5,0  GPa  for  nitrided  samples  at  high 
temperature.  It  can  be  attributed  to  the  fact  of  the 
different  state  of  the  surface  nitride  film  preceded 
ion  implantation  process.  The  oxygen  impurities  in 
nitrides  in  the  case  of  nitrided  samples  cooling  in 
air  flow  and  also  structural  microstresses  provoked 
thermocyclmg  or  high  temperature  (950  °C)  result 
in  the  active  saturation  of  boron  atoms  and  than 
significant  strengthening  of  surface  layer. 

This  surface  strengthening  is  accountable 
for  by  the  forming  of  lower  bonde  phase  Ti2B5  (the 
main  observed  boride  phase)  and  Ti2B  (solitary 
observed  reflexes)  and  also  due  to  the  boron 
dissolution  in  the  mononitride  lattice  with  the 
possible  boronitrde  formatting.  The  evidence  of  the 
former  is  appearance  of  the  boride  phases  reflexes. 
The  latter  is  confirmed  by  the  increasing  of  TiN 
lattice  parameter.  The  considerable  strengthening 
while  the  low  intensity  of  boride  phases  reflexes 
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signifies  the  efficiency  of  additional  boron 
saturation  the  nitride  layers. 

The  nitrogen  and  boron  saturation  make 
change  the  open  corrosion  potential  of  the  samples 
and  in  most  cases  to  negative  values  (Table).  Only 
after  high  temperature  nitriding  the  ennobled 
potential  is  observed.  It  indicates  that  the 
predominant  inhibitting  of  the  anodic  reaction 
takes  place.  Whereas  in  the  rest  cases  it  indicates 
about  slowing  down  the  cathodic  reaction  rate.  It  is 
significant  that  polarization  curve  trend  of  high 
temperature  nitrided  sample  confonns  to  surface 
passivation  stage  in  the  range  of  corrosion 
potential. 

The  additional  boron  saturation  of  nitrided 
surface  changes  the  sample  electrochemical 
properties.  The  potential  ennobling  concerning  to 
the  nontreated  sample  and  the  most  considerable 
current  decline  are  observed  for  the  samples 
treated  at  the  high  temperature  (950  °C).  However 
at  the  anodic  polarization  (under  identical 
potentials)  the  dissolution  currents  with  respect  to 
boron  unimplanted  nitrided  samples  are  higher.  It 
indicates  that  the  boron  presence  in  nitrided  layer 


reduces  the  surface  resistance  to  anodic 
polarization. 

At  the  same  time  the  corrosion  currents  of 
the  samples  with  nitride  layers  and  additional 
boron  saturation  layers  concerning  to  untreated 
sample  is  reduced.  It  indicates  the  beneficial 
protective  effect  of  such  treatments  of  titanium 
alloy. 
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Table.  Electrochemical  properties  of  VT1-0  titanium  alloy  exposured  to  0,9%  aqueous  solution  of 
NaCl  after  nitriding  and  boron  implantation 


Condi 

tions 

After  nitriding 

After  nitriding  and  boron  implantation 

Nontr 

eated 

750  °C 

850  °C 

750<->850 

°C 

900  °C 

950  °C 

750  °c 

850  °C 

750<-»850 

°C 

900  °C 

950  °C 

p 

M:or? 

mV 

-420 

-395 

-294 

-243 

-238 

-404 

-475 

-448 

-298 

-245 

-290 

Icon 

A/m2 

0,047 

0,05 

0,056 

0,042 

0,01 

0,05 

0,04 

0,1 

0,03 

0,04 

0,058 

Ip, 

A/m2 

2,0 

0,63 

0,8 

0,25 

1,5 

1,5 

1,3 

1,0 

0,4 

1,0 

2,5 
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WITH  HIGH  DENSITY 
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The  smooth  bushes  are  widely  used  in  engineer¬ 
ing.  The  significant  amount  of  such  parts  works  in 
condition  of  high  pressure  and  at  presence  of  im¬ 
pact  loads.  The  high  requirements  are  shown  on 
strength  and  toughness  of  materials,  from  which 
one  this  parts  are  made.  Such  bushes  are  produced 
from  carbon  and  alloyed  steels  by  machining  of 
castings,  forging,,  thick-walled  tubes  and  less  of¬ 
ten  rods.  The  labor  input  of  bushes  manufacturing 
is  high  and  metal  utilization  coefficient  makes  of 
0,34-0,7  [1], 

Allowing  advantages  of  a  powder  metallurgy 
(wasteless  and  high  productivity),  the  bushes  from 
metallical  powder  is  found  the  increasing  apply¬ 
ing.  However,  such  parts  produced  on  conven¬ 
tional  technology7  -  pressing  and  sintering  -  have 
a  high  porosity  that  reduces  mechanical  properties 
of  material  and  limits  a  feasibility  of  powder 
bushes  in  loading  units.  Especially  it  concerns 
bushes  with  wall  thickness  less  than  5  mm  and 
height  -  wall  thickness  ratio  more  than  10  mm. 
Such  thin-wall  and  high  bushes  have  much  higher 
porosity  in  center  then  in  end  faces  area.  The  in¬ 
creasing  of  density  by  double  pressing  and  sin¬ 
tering  isn’t  obviously  possible,  because  the 
punches  have  low  stability  and  can’t  bear  high 
pressure  which  is  necessary  for  attainment  of  de¬ 
manded  density.  The  ways  of  long-sized  articles 
producing  by  densification  of  porous  blanks  in 
radial  direction  by  a  central  punch  with  a  conical 
effective  part  are  known  [2],  After  such  technol¬ 
ogy  the  tubes  with  density  up  to  0,70-0,85  and 
high  equidensity  used  as  filters  are  produced. 

The  development  of  such  technology  is  inter¬ 
est  for  smooth  thin-wall  bushes  producing,  which 
one  will  supply  attainment  of  high-density  and 
equidensity  at  smaller  energy  consumption. 

The  researches  are  executed  on  samples  di¬ 
mensioned  50,5x41,5x50  mm.  The  blanks  pressed 
from  iron  powder  and  sintered  at  950°C  for  one 
hour  are  pressed  in  a  die  by  a  central  punch  with  a 
conical  effective  part. 

It  is  determined  that  at  penetration  of  a  punch 
into  the  blank  there  is  a  flow  of  metal  in  radial  and 
axial  directions.  The  density  of  the  bush  increases 
by  displacement  of  part  of  metal  in  radial  direc¬ 
tion.  The  displacement  of  metal  in  axial  direction 
results  in  increase  of  the  height  and  in  the  burr 


formation  at  the  lower  end  face.  The  produced 
parts  on  height  didn’t  comply  with  requirements 
of  the  drawing  and  relative  density  didn’t  exceed 
0,90. 

The  removal  of  these  lacks  gives  rise  to  de¬ 
sign  the  new  pressing  scheme  at  which  one  the 
flow  of  metal  in  an  axial  direction  was  limited  by 
upper  fixed  punch.  The  height  of  produced  blank 
is  less  than  height  of  part  and  it  has  a  bevel  at  the 
lower  face  end.  During  deformation  the  volumes 
were  formed  and  executed  the  role  of  compensa¬ 
tors.  The  axial  displacement  of  material  during 
deformation  was  limited  by  fixed  punches. 

We  investigated  the  influence  of  blanks’  den¬ 
sity,  its  height,  bevel’s  size  on  density  and 
equidensity  of  bushes.  The  blanks  were  made  with 
relative  density  of  0,70,  0,75,  0,80,  and  0,85.  The 
height  was  changed  from  46  mm  up  to  50  mm 
with  a  step  of  1  mm.  The  outside  diameter  was 
took  on  a  value  of  diameter  of  the  part,  and  inside 
diameter  was  defined  from  weights  of  blank  and 
part  constancy  principal.  At  the  lower  face  and  a 
bevel  was  made  with  height  2,5,  5,  10,  15  mm.  Its 
maximum  diameter  equalled  to  inside  diameter  of 
a  part  and  minimum  diameter  to  outside  diameter 
of  blank.  The  angle  of  shaping  punch  made  of  3°. 

The  density  was  determined  by  calculation 
method  on  weight  and  volume  solved  on  the  sizes 
of  bushes  and  by  hydrostatic  weighting.  For  de¬ 
termine  of  equidence  the  bushes  were  cut  up  on 
five  rungs  and  determined  their  density  on  .the 
same  technique.  The  equidence  was  valued  on  a 

factor  Si=yiy'm\  where  ft,?'"1-  density  of 
investigated  segment  and  mean  density  of  all 
sample. 

It  is  established,  that  the  mean  relative  den¬ 
sity  of  samples  makes  0,95  -  0,98,  except  those 
samples,  which  was  pressed  from  blanks  with 
relative  density  0,70  and  height  of  46  mm.  In  this 
case  mean  relative  density  of  samples  didn’t  ex¬ 
ceed  0,95.  The  high  allowance  on  diameters  (2,8 
mm  on  side)  increases  a  volume  of  metal,  dis¬ 
placed  in  axial  direction.  The  extrusion  of  metal 
into  a  clearance  between  central  and  lower 
punches  and  formation  of  a  burr  are  watched. 
There  are  concentric  cracks  on  an  internal  surface 
of  parts. 
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The  density  of  blanks  and  their  height  exerts 
an  influence  to  equidence.  The  increase  of  density 
results  in  reduction  of  blanks’  volume.  The  vol¬ 
ume  of  displaced  metal  decreases.  The  value  of 
this  volume  was  calculated  from  a  ratio  [3]: 

y  _KO*~0, 

c"  n  &A  ’ 

where  M  0  -  weight  of  a  part; 

Yk  -  density  of  compact  metal. 

So,  at  H3  -49  mm  and  6  =  0,85  the  volume 
of  displaced  metal  make  of  4,97  cm3,  at  the  same 
height,  but  at  $  =  0,80  this  value  was  V.  =7,31 

cmJ,  and  at  03-  0,70  this  value  was  Vcm  =  13  cm3. 
The  samples  produced  from  blanks  with  relative 
density  0,85  have  most  uniformly  distributed  den¬ 
sity  and  least  -  from  blanks  with  6  =  0,70. 

The  change  of  height  of  blank  at  constantly 
values  of  weight  and  volume  results  in  change  of 
inside  diameter.  The  reducing  of  height  results  in 
increasing  of  diameter  and  decreasing  of  allow¬ 
ance.  At  equalling  of  height  of  blank  and  part  the 
high  layer  of  the  bush  appears  denser. 

The  reducing  of  height  results  in  increasing 
of  inside  diameter  of  blank  and  allowance.  In  this 
case  the  underlayers  are  denser.  The  optimal  re¬ 
sidual  between  heights  of  blank  and  part  makes  up 
to  1  mm  at  value  of  relative  density  of  0,85;  2  mm 
at  value  of  relative  density  of  0,80  (fig.  1 ). 

Sj,% 


Fig.  1 .  Distribution  of  density  on  height  of  a  part 
at  an  height  of  blank  H  3=  49  mm  and  relative 
densities  03 :  1  -  0,70;  2  -  0,75;  3  -  0,80;  4  - 
0,85;  5  -  H 3  =48  mm;  $,=  0,80 


One  more  factor  exerting  influence  on  distri¬ 
bution  of  density  on  height  of  a  part  is  the  sizes  of 
chamfer  in  bottom  of  blank.  The  burr  is  formed  on 
samples  produced  from  blanks  with  height  of  49 
mm  and  relative  density  0,85  and  when  the  height 
of  chamfer  equals  to  2.5  mm.  When  the  height  of 
chamfer  equals  to  15  mm  the  shape  formation 
doesn’t  take  place,  resulting  in  to  its  filling.  The 
samples  are  manufactured  from  blanks  with  the 
height  of  chamfer  equals  to  5  mm.  At  pressing  of 
blanks  with  relative  density  of  0,8  the  best  distri¬ 
bution  of  density  is  obtained  when  the  height  of 
chamfer  equals  to  10  mm.  It  is  explained  that  the 
allowance  (from  0,90  up  to  1,3  mm),  and.  there¬ 
fore,  the  volume  of  metal  displaced  in  axial  direc¬ 
tion  was  increased. 

The  executed  researches  have  shown  that  at 
radial  deformation  of  porous  blanks  (RDPB)  the 
high  level  of  density  and  equidensity  is  reached.  It 
is  established,  that  the  quality  of  articles  manu- 
lactured  on  such  technology  increases  with 
growing  of  blanks’  density  and  depends  on  its 
geometrical  parameters  -  height  and  chamfer’s 
sizes  on  inside  diameter  in  bottom  of  blank. 

The  results  of  investigations  are  utilized  at 
development  of  technology  of  bushes  producing 
by  the  sizes  of  84x74  mm  and  with  height  of  80 
and  106  mm.  The  technological  process  of  their 
producing  incorporates  next  operations:  preparing 
of  charge,  consisting  from  iron  powder  FDK2.200 
-  97%  and  pencil  graphite  -  0,3%;  pressing  of 
blanks  with  chamfer  in  bottom  of  blank:  sintering 
in  endothermic  gas  environment  at  950°C  for  one 
hour;  radial  deforming  of  porous  blank;  repeated 
sintering  at  1120  -  1150°C  in  same  environment 
for  one  hour.  The  produced  bushes  had  density  of 
7,60  -  7,66  g/cm3,  Brined  hardness  95  -  125  HB, 
compression  strength  of  ring-type  -  450-540 
MPa.  The  parts  correspond  to  a  drawings  use  con¬ 
ditions. 
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DIE  FORGING  OF  COPPER  FIBRES 


Ryabicheva  L.A.,  Tsyrkyn  A.T.,  Losiev  U.A. 

East  Ukrainian  National  University  named  after  V.  Dahl,  Lugansk,  Ukraine 


The  researches  of  pressing  cf  metallic  copper 
fibres  having  diameter  about  ten  micrometers  is 
ferried  out  by  many  writers .  3t  is  known,  that  thus 
there  is  a  plastic  cfeformatLon  of  contact  surfaces 
and  plastic  cfeformatLon  of  fixes  bending.  These 
data  are  obtained  during  pressing  fibres  of  small 
diameters  at  producing  of  high  porosity  materials 
and  with  relative  density  up  to  90%. 

We  conducted  researches  of  a  capability  of 
parte  obtaining  from  copper  fibres  with  diameter 
from  0,6  up  to  1,3  mm  having  prcpafy  of  a  com¬ 
pact  material. 

Initial  Ml  copper  fibers  previously  is  annealed 
m  hydrogen  containing  environment  cf  synthesiz¬ 
ing  -  gas  for  obtaining  of  high  brittleness.  The  cop¬ 
per  fibers  of  length  15-20  mm  and  diameters  1,0- 
1,3  mm  is  produced  by  grinding.  The  billete  had 
density  from  7,8  upto  8,2  g/cm3  after  odd  pressing 
of  fibres.  Their  strength  was  near  140170  MPa. 
However,  the  analysis  of  a  microstructure  has 
shown,  that  in  produced  bilMs  there  is  no  general 
conscHdadon  of  fibres  (fig.  1). 


Fig.  1.  The  microstrueture  cf  fibrous  copper  with 
density  upto  8,2  g/cm3  (x  500) 

On  the  basis  of  analysis  of  ftiess  -  brain  bate 
at  odd  pressing  of  fibres  is  detained,  that  the  in¬ 
crease  of  consdicbtion  level,  and,  therefore,  me- 
chani  caL  properties  is  possible  to  achieve  at  forg  ing 
with  high  strains. 

In  papers  [1,  2]  is  shown,  that  at  forging  of 
porous  powder  blanks  by  upsetting  in  cLcsed  die 
the  residual  porosity  makes  net  less  than  2  %  for 
ac  count  of  radial  cfeformatLon. 

The  initial  blanks  with  dLEfersfe  density  are 
subjected  to  die  forging.  Thus  diameter  of  blank 
was  less  then  inside  diameter  of  dLa  The  cfensifi- 
cation  of  material  was  accompanied  by  a  radial 


flow  with  formation  of  definite  sborture  aid  prop¬ 
erties  cf  a  forging. 

The  blanks  is  heated  in  environment  cf  syn¬ 
thesizing  -  gas  to  temperature  800-850°  C  and 
pressing  on  a  hydraulic  pres  by  a  capacity  1000 
kN  and  pneumatic  hammer  with  weight  of  felling 
parte  160  kg.  The  change  of  samples  cfensity  dur¬ 
ing  pressing  on  hydraulic  press  and  pneumatic 
hammer  is  shown  in  a  fig.  2 . 


0,% 
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Elg.  2.  Variation  of  cfensity  cf  samples  depends  on 
strain:  1-press;  2-hammer. 

At  pressing  on  a  hydraulic  press  the  incease 
of  density  of  samples  is  watched  up  to  8, 8-8, 9 
g/cm3  at  a  rsriiaL  strain  7,3-10,2 %.  The  analysis  cf 
microsections  as  shown,  that  grain  size  has  com¬ 
pounded  2-15  microns;  mechanical  properties  - 
hardness  85  HB;  oompressicn  strength  400  MPa. 
The  pressing  on  a  hydraulic  press  hasn't  resulted  in 
disappearance  of  fibers  boundary  and  formation  of 
a  cfefectLess  compact  material-  (fig.  3) . 


Elg.  3.  Hiaostructure  of  fibrous  blank  after  die 
forging  on  press  (x  500) 

At  pressing  of  temples  on  a  hammer  their 
density  was  increased,  that  is  a  consequent  of  in- 
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fluendng  of  hi<^n  stain  rate.  When  initial  density 
of  samples  is  equal  to  7,8  g/cm3  tine  pore- fine  ma- 
tadaL  with  cfensify  8, 9  g/cm3  is  obtained  whenaxa- 
dial  strain  volume  is  equal  to  54  % .  At  hot  forging 
of  blanks  with  cfensity  8,2  g/cm3  same  cfensity  is 
reached  at  strain  33%.  It  testifies  that  for  obtaining 
of  pore-free  a  materialitis  necessary  to  have  initial 
blank  with  maximum  obtained  density  (fig.  4.). 
The  density  of  blanks  exerts  influence  on  this  pro  - 
cess.  The  forgings,  density  8,9  gfem3  are  prod  red 
fem  blanks  of  a  different  pxrosily  at  the  same 
bLow  energy  of  felling  parts  c£a  hammer  at  amis- 
ceUreous  strain. 


Fig.  4.  Micrcstructurte  cf  fibrous  blank  after  die 
forging  on  hammer  (x  500) 

For  more  dense  blanks  a  smaller  degree  cf 
duuctural  cfefcrmation,  and  aooordingly,  smaller 
degree  of  deformation  of  metaL  In  an  outcome  at 
equal  density  hctwork  hardening  of  samples,  pro¬ 
duced  from  more  dense  blanks  is  less. 

For  definition  cf  a  stress  level  arising  at  die 
forging,  the  method  of  micrchardness  is  ltili  Terj. 
which  one  measured  on  I1MT-3  ctevias.  Tie 
sensings  aonducted  on  crcss-sectim  of  a  ample 
with  a  step  cf  0,2  mm.  As  it  is  cn  fig.  5,  average 
value  of  microhardness  of  samples  with  cfensity  8, 9 
g/cm3  is  growth  with  increasa  of  a  degree  of 
structural  strain  that  is  a  consequent  cf  growth  of 
stresses.  With  increase  of  structural  strain  the  non- 
unifcannity  of  a  stress  distribution  is  augmented, 
that  indicates  about  Reread  in  values  of  microhard¬ 
ness. 


Fig.  5.  The  influence  of  structural  strain  to  micro  ¬ 
hardness  of  parts 


The  variation  fector  has  compounded  0,98. 
So,  at  cfensity  of  blank  7,8  g/cm3  the  average  value 
of  microhardness  has  oompouncted  134  MPa  ia 
difference  between  maximum  and  minimum  value 
66  MPa,  and  at  the  higher  values  microhardness 
testify  cfensity  8,2  g/cm3  the  average  value  of  mi  - 
crohardness  equalled  101  Mpe  at  a  difference  is 
value  31  MPa.  It  is  detained  that  st  an  irfertiml 
strain  the  stress  in  samples  produced  by  forging 
more  dense  blanks  is  higher,  about  what  the  higher 
values  of  microhardness  testify. 

The  process  cf  a  die  forging  cn  a  hammer 
goes  with  high  speefy  therefere  at  a  contact  cf 
blank  with  walls  of  die  there  is  jeart  deformation 
of  oontact  surfaces  and  formation  of  new  bounding 
between  fibers.  It  is  known,  that  far  weLding  of 
copper  the  stain  of  contact  sudfeaas  should  be  rot 
less  than  10%.  The  increasing  of  a  cfegree  of 
structural  stain  conducts  to  growth  of  cfefarming 
of  fibres  and  stress  level  about  what  the  increase  cf 
hardness  and  microhardness  testifes.  The  pro¬ 
duced  parts  after  a  final  annealing  in  vacuum  at 
temperature  500-600°C  have  hardness  39-42  HB, 
compression  strength  225 MPa,  qedfic  elongation 
40  %,  and  cfensity  makes  8, 9  g/cm3 .  The  structure 
of  metal  is  isetrepiq.  grain  sis  is  5-7  microns. 
There  was  a  full  fibres  consdlirfetion. 

Thus,  the  applying  of  die  forging  of  ini  tiaL  fi¬ 
brous  blanks  cf  hk£r  strain  fees  re  aits  in  produc¬ 
ing  articles  fiee  cf  defects  in  structure. 
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DESIGNING  AN  AUTOMATIC  MACHINE  FOR  ELECTROSPARK 

ALLOYING  OF  STEEL 

Nikolenko  S.Y.,  Verchoturov  A.D.,  Kovalenko  S.V. 

Institute  of  Material  Science  KSC  FEB  RAS  Russia,  Khabarovsk 


1.  Introduction 

Development  of  new  effective  methods  of 
hardening  and  restoring  surfaces  of  machinery 
parts,  with  predefined  and  controlled  physico- 
mechanical  properties,  is  a  demanding  task  of 
contemporary  material  science.  Electro-physic 
methods  of  hardening  and  deposition  of  protective 
coatings  are  standing  out  among  other  modem 
techniques.  Electrospark  alloying  (ESA)  is  one 
such  method.  This  technology  is  based  upon  the 
transfer  of  anode’s  (electrode)  material  to  a 
cathode  (treated  part)  during  the  spark  discharge 
flowing  in  a  gaseous  environment.  This 
phenomenon  together  with  the  influence  of 
impulse  heat  and  mechanical  stresses  results  in  the 
forming  on  the  surface  of  a  treated  part  of  a  layer 
with  modified  structure  and  composition. 
Recently,  most  of  the  ESA  technology  has 
concentrated  on  the  complication  of  equipment, 
namely  modification  of  the  impulse  generator’s 
parameters,  for  the  purpose  of  advancing  the 
exploitation  characteristics  of  machine  parts. 
However,  in  order  to  develop  a  systematic 
approach  to  ESA,  which  would  allow  for  the 
flexible  definition  of  characteristics  and 
parameters  of  technological  processes,  and  testing 
different  modes  of  coating  deposition,  it  is 
necessary  to  create  a  mechanical  (technological) 
system. 

The  purpose  of  this  work  is  to  describe  the 
development  of  mechanical,  automatic  devices 
with  a  rotating  electrode  and  controlled,  stable 
interelectode  space  (IES),  which  assures  the 
continuity  of  treatment,  i.e.  constant  electrode¬ 
instrument’s  pressure  at  the  alloyed  surface  of  the 
part. 

2.  Results  and  discussion 

The  staff  of  the  “Powder  metallurgy  and 
protective  coatings”  (PM&PC)  group  have 
designed  a  mechanical  ESA  machine  based  on  a 
turner  rig  TV- 16  (Pic.  1).  The  machine  consits  of: 

•  Modernized  turner  rig  TV- 1 6 ; 

•  Impulse  generator; 


•  Mechanical  electrode  head  with  a  IES 

tracking  system; 

•  Detachable  device  for  the  vertical 

transportation  of  the  treated  part; 

•  Detachable  polishing  device; 


machine. 

The  mechanic  complex  allows  to  test  ESA 
technological  processes  on  rotating  bodies,  while 
the  detachable  transporting  device  makes  it 
possible  to  treat  flat  surfaces.  During  ESA,  anode 
erodes  in  liquid  and  vapor  phases  and  the  erosion 
products  are  transferred  to  the  cathode  as  a  result 
of  the  thermomechanical  influence  of  the  spark 
discharge.  As  a  result  of  a  micrometallurgical 
process,  a  specific  composite  material,  which 
includes  the  material  of  both  electrodes  and 
products  of  their  interaction  with  each  other  and 
the  environment,  is  formed  on  cathode’s  surface. 

It  is  known  that  the  ESA  process’s  efficiency  and 
physico-chemical  properties  of  the  alloyed  layer 
decrease  as  the  internal  stresses  and  secondary 
structures  accumulate  in  the  electrode’s  material, 
facilitating  the  need  for  correction  measures.  This 
purpose  is  served  by  the  polishing  device,  which 
can  be  attached  to  the  support  of  the  turner  rig. 
The  device  allows  polishing  the  surface  layer 
between  the  two  ESA  cycles,  therefore  assuring 
higher  continuity  and  lower  porosity  after  the 
alloying.  The  designed  system  for  the  positioning 
of  the  alloying  electrode  in  the  interelectrode 
space  controls  the  electrode’s  wear  and 
significantly  stabilizes  the  ESA  process,  which  in 
its’  turn  positively  affects  the  forming  of  a  high- 
quality  alloyed  layer.  The  machine  stands  out 
from  the  rest  of  its’  counterparts  due  to  its’  ability 
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to  treat  interrupted  surfaces  with  grooves  acceding 
in  size  the  diameter  of  the  alloying  electrode. 
Modification  of  the  turner  rig  is  accomplished  by 
the  mounting  of  an  isolated  jaw  chuck  and  its’ 
connection  to  the  impulse  generator  with  a 
negative  polarity  wire.  Furthermore,  parameters  of 
horizontal  transportation  (from  1  to  25  cm/min) 
and  vertical  rotation  (from  0,5  to  7  RPM)  of  the 
part  were  changed.  The  machine  is  fitted  with  an 
“IMES”-type  impulse  generator  (Pic.  2),  which 
was  also  designed  in  our  laboratory.  The  generator 
is  meant  to  be  used  together  with  a  mechanical 
rotating  electrode  head,  as  well  as  with  a  manual 
vibrator. 


Pic.  2.  Impulse  generator 


The  built-in  tachometer  allows  choosing  and 
controlling  the  rotation  speed  of  the  electrode  in 
the  limits  of  10-3500  RPM.  The  new  mechanical 
electrode  head  with  a  positioning  mechanism 
improves  physico-chemical  properties  of  the 
alloyed  layer.  Electric  drives  of  the  machine  are 
equipped  with  optical  electronic  motion  sensors. 
The  output  signal  of  these  sensors  is  represented 
by  a  sequence  of  voltage  impulses.  The  machine 
has  a  convenient  interface  and  can  be  connected  to 
a  computer,  which  can  be  used  to  monitor  and 
control  the  ESA  process.  All  of  the 
abovementioned  features  allow  to  systematically 
solve  the  problems  of  creation  of  surface  layers 
with  predefined  and  controlled  properties. 


Pic.  3.  The  treatment  part  of  the  ESA  machine. 


The  part  shown  on  Pic.  3  eonsits  of: 

mechanical  device,  including  fastening, 
positioning  and  transporting  parts,  as  well  as 
detachable  devices  for  the  polishing  and  vertical 
transportation  of  the  treated  part; 

-  tracking  system  responsible  for  maintaining 
the  given  IES. 

Technical  parameters  of  the  machine 


Voltage  (50±lHz),  V  220±22 

Power  consumed  on  nominal 
voltage,  kV-A  <],0 

Layer  thickness,  micron  2-500 

Productivity,  cm2/min  0,1-3 

Roughness,  micron  <  10 

Impulse  time,  microseconds  2-200 

Amplitude  value  of  the  current.  A  1-100 

Mass  of  the  impulse 

generator,  kg  18 

Mass  of  the  machine,  kg  50 

Part’s  rotation  speed,  RPM  0,5-7 

Part’s  horizontal  speed,  mm/min  0,5-25 


Working  mode  -  manual  or  automatic. 

3.  Conclusions 

1 .  An  automatic  machine  for  electrospark 
alloying,  allowing  to  test  technological  processes 
on  flat  and  rotation  bodies,  was  produced. 

2.  Mechanical  electrode  head  equipped  with  the 
positioning  system,  which  assures  the  deposition 
of  alloyed  layers  with  increased  physico- 
mechanical  and  exploitation  properties  and 
generally  stabilizes  the  ESA  process,  was 
designed. 

3.  Complex  has  a  convenient  interface,  which 
can  be  linked  to  a  computer,  allowing  computer- 
aided  monitoring  and  control  of  the  ESA  process. 
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THE  METHODS  OF  COMBUSTION  CHAMBER  WALL  PROTECTION 
FROM  INFLUENCE  OF  HIGH-INTENSIVE  HEAT  FLOW 

Arinkin  S.M. 

Lykov  Heat  and  Mass  Transfer  Institute,  Nat.  Acad.Sci.Belarus,  Minsk,  Belarus 


It's  considered  the  walls  heat  protection 
problem  of  the  devices  witch  have 
temperature  of  active  volume  ~  (103-  104)°C 
[1,2].  This  is  plasma  reactors,  gaseous  phase 
nuclear  engines  [],  the  aviation  and  rocket 
engines  combustion  cameras  constructed 
from  porous  refractory  materials  [5],  In  []  one 
has  proposed  to  use  the  ligth  —  fused 
refractory  materials  witch  have  the 
evaporation  temperature  within  the  range  (15- 
350)°C.  After  passing  of  porous  wall  they  are 
cooling  a  wall  and  at  the  exit  of  chamber 
(temperature  (1200-1700)°C)  the  boilable 
combinations  are  restored  to  ligth  -  fused 
metals.  At  the  chamber  wall  the  gas  -  powder 
layer  is  created.  This  layer  absorbs  and 
reflects  microwave  within  wide  range  of  a 
waves  lengths.  In  [7]  one  has  obtained  that 
gas  -  powder  medium  flow  is  accompanied 
by  the  magnification  of  powder  size.  The 
medium  reflection  property  change 
continuously.  In  [8]  one  has  obtained  that 
within  the  waves  lengths  range  (0,005-1) 
mkm  an  extremal  reflaction  is  achieved  at  the 
particles  sizes  within  the  range  (0,03- 
0,l)mkm. 

At  a  partical  size  decrease  the  exremum  of 
screening  effect  replace  to  ultraviolet. 

At  the  active  volume  temperature 
10000<T<100000°C  the  main  emmition  take 
place  within  the  waves  lengths  range  (0,005- 
0,04)mkm.  This  is  X-rays  -  vacuum 
ultraviolet  range.  For  reflection  and  emission 
effect  one  required  to  use  the  particles  with 


the  sizes  ~10  angstremm.  The  particles  with 

such  sizes  are  appeared  at  restoration  of 

WCL,  WF6  at  the  exit  of  combustion 

chamber. 
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Synthesis  of  ternary  phases  in  the  B-C-N 
system  is  of  interest  in  view  of  the  possibility  of 
producing  new  promising  materials  both  in  the 
graphite-like  an  diamond-like  form  Ternary 
compounds  with  a  graphite-like  structure  can  be 
used  as  semiconductors  operating  at  high 
temperatures  [1], 

There  exists  a  great  number  of  developed 
methods  for  preparing  materials  with  a  graphite¬ 
like  structure  in  the  B-C-N  system,  however, 
synthesized  products  are  not  always  single-phase. 

In  the  present  work,  the  possibility  of 
synthesizing  graphite-like  boron  carbonitride  with 
a  nanocrystalline  structure  by  the  solution  method 
was  investigated  This  method  has  found 
application  in  the  production  of  highly  disperse 
and  monodisperse  powders.  The  procedure  for 
preparing  mixtures  provides  their  high  dispersivity 
and  homogeneity,  as  well  as  a  good  contact 
between  components. 

As  starting  materials  for  the  synthesis, 
boron  acid,  carbamide,  and  saccharose  were  used. 
The  saccharose  content  was  varied  from  40  to  80 
mass  %.  The  components  dissolve  well  in  water, 
which  guarantees  their  ideal  mixing. 

The  mixtures  of  the  following 
compositions  were  investigated: 
mixture  I:  H3B03  +  carbamide  +  40  mass  % 
saccharose; 

mixture  II:  H3BO3  +  carbamide  +  60  mass  % 
saccharose; 

mixture  III:  H3B03  +  carbamide  +  80  mass  % 
saccharose; 

mixture  IV:  H3B03  +  carbamide  +  60  mass  % 
saccharose  +  10  mass  %  NH4CI. 

The  pyrolysis  was  carried  out  in  a 
nitrogen  flow,  whose  rate  guaranteed  the  removal 
of  gases  and  water  vapor  formed  during  thermal 
treatment.  It  was  established  that  the  largest  loss  in 
mass  occured  at  a  temperature  of  200°C  and  that 
the  process  was  completed  at  400°C.  The 
conditions  of  pyrolysis  made  it  possible  to  prepare 
a  mixture  of  boron  oxide  and  carbon  in  which  a 
homogeneous  distribution  of  components  and  a 
good  contact  between  them  were  retained  Carbon 
is  in  the  amorphous  state  and  retains  its  active 
reduction  power.  The  mixtures  prepared  do  not 


require  additional  grinding,  and  the  particle  size 
did  not  exceed  0.001  pm 

The  mixtures  were  nitnded  in  a  purified 
nitrogen  atmosphere  in  the  temperature  range 
1200-1450°C  with  an  exposure  time  of  1-3  h. 

According  to  the  chemical  analysis  data,  in 
samples,  oxygen  was  present,  the  boron  content 
exceeded  its  calculated  content,  and  the  maximum 
nitrogen  content  was  28%. 

According  to  the  X-ray  analysis  and  IR 
spectroscopy  data,  in  heat  treated  samples,  boron 
oxide  was  detected.  Moreover,  the  presence  of 
absorption  bands  at  v  ~  1380  and  815  cm-1 
indicates  the  presence  of  B-N  bonds,  and  the 
region  at  v  ~  1250  cm'1  characterizes  C-N  bonds 
[2-4],  This  gives  grounds  to  think  that,  during  heat 
treatment  at  a  temperature  >1300°C,  the  process  of 
formation  of  a  B-C-N  structure  occurs.  A  decrease 
in  the  intensity  of  the  absorption  band  at  v  ~  815 
cm'1,  which  characterizes  interlayer  vibrating  mode 
in  graphite-like  BN  substantiates  the  made 
suggestion  [5],  The  IR  spectroscopy  data  show  the 
presence  of  C-0  and  N-0  bonds  in  the  frequency 
ranges  v  ~  1400-1600  cm'1  and  1000-1100  cm'1, 
which  characterizes  the  incompleteness  of  the 
process  of  formation  of  boron  carbonitride  [6], 

The  maximum  carbon  content  was 
detected  in  samples  prepared  by  nitriding  mixtures 
containing  80%  saccharose  and  those  containing 
NH4CI. 

In  X-ray  diffraction  patterns  of  the 
powders  prepared,  only  smeared  lines  002  and  10 
from  graphite-like  phases  are  present.  The  line  002 
is  asymmetric.  The  lines  hkl  where  1  ^  0  (101,  102, 
112,  etc.)  are  absent  due  to  the  two-dimensional 
character  of  diffraction  caused  by  the 
turbostraticity  of  graphite-like  structures. 

According  to  data  of  work  [5],  in  X-ray 
diffraction  patterns,  for  single-phase  graphite-like 
boron  carbonitride,  the  practically  symmetric  line 
002  is  typical.  In  X-ray  diffraction  lines  of  the 
samples  obtained,  the  line  002  is  asymmetric 
(Fig.  1). 
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Fig.  1.  Profiles  of  diffraction  lines  002  from 
graphite-like  structures:  1  -  experimental  curve;  2 
-  after  separation;  3  -  C  and  BN;  4  -  BCi^N  [5], 

This  enables  one  to  suggest  that  the 
obtained  samples  are  mixtures  of  graphite-like 
phases  consisting  of  BNg,  carbon,  and  (BN)xCi.x. 
The  IR  spectroscopy  data  confirm  this  suggestion 
by  the  presence  of  absorption  bands  characteristic 
for  both  BN  and  disordered  carbon  at  v  ~  950  cm'1 
[7]  and  by  the  presence  of  bands  corresponding  to 
C-N  bonds. 

It  was  established  that  the  boron 
carbonitride  contents  in  the  powders  synthesized 
from  mixtures  containing  60  mass  %  saccharose 
and  mixtures  containing  NH4C1  were  above  60 
mass  %. 

The  results  of  investigations  show  that  the 
solution  method  of  synthesis  of  boron  carbonitride 
is  promising.  It  makes  it  possible  to  prepare 
powders  containing  up  to  60  mass  %  graphite-like 
boron  carbonitride  at  relatively  low  temperatures. 
Powders  synthesized  by  this  method  have 
turbostratic  structure  characteristic  for  ternary 
graphite-like  phases  in  the  B-C-N  system. 
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INTRODUCTION 

From  the  viewpoint  of  hydrogen 
storage,  lanthanum  nickelide  LaNij  and  its  alloys 
are  considered  to  be  most  promising.  To  improve 
service  properties  of  LaNij-based  electrode 

materials,  microencapsulating  of  particles  of 
LaN^-based  alloys  by  different  metals,  which 

enables  one  to  decrease  significantly  the 
oxidation  and  disintegration  of  electrodes  during 
hydrogen  adsorption/desorption,  is  used. 
Deposition  of  coatings  on  alloy  powders  is 
traditionally  performed  by  chemical  methods  in 
aqueous  solutions  with  using  reducers. 

In  the  present  work,  we  present  results 
of  a  study  of  the  possibility  of  using  two 
alternative  methods  of  deposition  of  a  nickel 
coating  on  the  surface  of  powders  that  are 
hydrogen  sorbents  as  a  result  of  decomposition  of 
nickel  oxalate  either  during  reducing  heating  in 
hydrogen  or  during  intensive  grinding  in  a 
planetary  ball  mill  by  the  reaction 
NiC204  =  Ni  +  C02 

EXPERIMENTAL  DETAILS 

The  intermetallic  compound  MmNi5 
(Mn  =  Lao.g4Ceo.i6)  was  obtained  by  induction 
melting  in  argon  followed  by  grinding  of  the 
ingot  and  cycling  in  a  hydrogen  atmosphere  with 
the  aim  of  its  further  comminution.  The  reducing 
heating  of  an  alloy-nickel  oxalatate  mixture  was 
carried  out  in  a  hydrogen  flow  at  temperatures  of 
250-450°C  for  2.5  h.  The  mechanochemical 
modification  of  the  surface  was  performed  in  a 
planetary  mill  in  different  gas  atmospheres  (air, 
argon,  hydrogen,  and  vacuum)  for  6  h  under 
conditions  of  intensive  grinding  of  the  alloy- 
nickel  acetate  mixture.  Electrochemical 
measurements  (plotting  of  voltammograms  and 
charging  curves)  were  carried  out  in  a  three- 
electrode  cell,  with  an  anodic  and  a  cathodic 
space  being  separated  ,  with  using  a  P-5848 
potentiostat.  The  investigated  electrode  made  in 
the  form  of  a  pellet  1  cm  in  diameter  was  pressed 
into  a  nickel  holder-current  tap.  As  a  reference 


electrode,  a  Hg/HgO  electrode  was  used,  and  a 
platinum  plate  served  as  a  counter  electrode. 

Changes  in  the  morphology  of  the 
surface  and  phase  composition,  as  well  as 
transformation  of  the  crystal  lattice  of  the 
investigated  objects  depending  on  the  conditions 
of  deposition  of  coatings  were  controlled  by 
methods  of  X-ray  diffractometry,  local  X-ray 
local  microanalysis  and  scanning  Auger 
spectrometry. 

RESULTS  AND  DISCUSSION 

Thermal  decomposition  of  nickel 
oxalate.  It  was  established  that  the  amount  of 
nickel  oxalate  introduced  into  the  alloy  powder 
influences  essentially  the  structure,  phase 
composition,  and  electrochemical  characteristics  of 
the  heat  treated  powder.  On  addition  of  about  10 
mass  %  (in  terms  of  Ni)  of  oxalate,  in  X-ray 
diffraction  patterns  of  the  heat  treated  powder, 
significant  decreases  in  the  intensities  of  lines 
characteristic  for  the  MmNi5  alloy  are  observed, 
and  the  intensive  lines  of  the  free  nickel  phase  are 
detected.  Alloy  particles  are  covered  with  a  nickel 
layer  5  pm  in  thickness,  the  coating  is  dense,  which 
leads  to  an  abrupt  decrease  in  the  surface  area 
accessible  for  proceeding  volume  (for  hydrogen) 
reactions.  The  electrochemical  discharge  capacity 
decreases  from  190  mA-h/g  for  the  initial  alloy  to 
zero,  and  the  hydrogen  capacity  in  the  gas 
atmosphere  decreases  from  165  ml/g  to  70  ml/g.  In 
Auger  spectra  obtained  for  mixtures  of  alloy 
powder  with  less  than  1  mass  %  of  nickel  oxalate 
(in  terms  of  nickel)  after  heat  treatment  at  400°C 
for  2.5  h,  lines  of  the  Ni  phase  are  present.  On  local 
scanning  of  the  surface,  the  intensities  of  the  lines 
of  this  phase  change  by  several  orders  of 
magnitude,  which  indicates  the  nonuniform 
distribution  of  conglomerates  and  individual  Ni 
nanoparticles  on  the  surface  of  alloy  particles.  The 
hydrogen  capacity  of  the  powders  modified  by 
nickel  is  equal  to  that  of  the  initial  alloy.  It  is  likely 
that  the  electrochemical  capacity  on  discharge  falls 
by  40-50%  as  a  result  of  the  partial  contamination 
of  the  surface  of  the  MmNi5  alloy  by  products  of 
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thermal  decomposition  of  nickel  oxalate  (CO, 
C02,  and  H20). 

A  method  of  mechanical  treatment  in 
the  presence  of  nickel  oxalate.  The  high-energy 
mechanical  grinding  of  the  MmNi5  alloy  powder 
with  small  amounts  of  nickel  oxalate  (1.5  mass  % 
and  3  mass  %  in  terms  of  nickel)  was  carried  out 
in  air,  an  argon  and  hydrogen  atmosphere,  and 
vacuum.  During  grinding  in  the  planetary  mill  for 
6  h,  amorphization  of  the  alloy  does  not  occur.1 
The  initial  alloy  powder  is  uniphase,  while,  in  X- 
ray  diffraction  patterns  of  the  products  of 
grinding  of  the  alloy-nickel  oxalate  mixtures,  the 
weak  line  (110)  of  nickel  is  present.  The  presence 
of  individual  nickel  nanoparticles  and  nickel 
microclusters,  that  are  rather  unifoimly 
distributed  over  the  surface  of  alloy  particles,  was 
detected  with  using  scanning  electron  microscopy 
and  Auger  spectroscopy.  The  volume  of  the 
crystal  lattice  remains  practically  unchanged  after 
grinding  of  the  mixtures  in  vacuum  and  in  air, 
and  increases  slightly  after  grinding  in  argon  (by 
1%)  and  hydrogen  (by  5.8%).  A  noticeable 
increase  in  the  lattice  size  along  the  axis  c  after 
grinding  in  hydrogen  gives  ground  to  suggest  its 
active  penetration  into  the  cell  and  the 
preferential  location  of  its  atoms  between 
hexagonal  planes  along  the  axis.  The  discharge 
capacity  of  the  alloy  after  mechanical  grinding 
rises  by  30-35%,  which  is  connected  with  the 
formation  of  a  highly  developed  surface  which  is 
active  it  terms  of  hydrogen-exchange  reactions. 


The  combination  of  by  nickel  grinding  with  the 
simultaneous  modification  of  the  surface  particles 
and  the  increase  in  the  nickel  oxalate 
concentration  in  the  alloy  powder  from  1.5  to  3 
mass  %  (in  terms  of  nickel)  exert  practically  no 
effect  on  the  electrochemical  characteristics  of 
the  alloy.  The  grinding  of  the  powder  mixtures  in 
air  results  only  in  the  partial  oxidation  of  the 
surface  and  in  a  fall  of  the  discharge  capacity 
almost  by  20%  in  comparison  with  that  of 
powders  ground  in  vacuum.  The  powders 
modified  by  nickel  during  grinding  retain  their 
electrochemical  characteristics  on  long  standing 
in  air. 

CONCLUSIONS 

1.  On  thermal  decomposition  of  nickel  oxalate  in 
hydrogen  at  350°C,  either  continuous  or  patch¬ 
like  nickel  coatings  form.  During  deposition  of 
coatings,  the  discharge  capacity  of  the  alloy 
powders  decreases  due  to  the  contamination  of 
the  surface  by  the  decomposition  products  of  the 
salt. 

2.  During  mechanical  treatment  of  the  alloy  in  the 
presence  on  nickel  oxalate,  isolated  nickel 
particles  and  their  conglomerates  that  are 
uniformly  distributed  over  the  surface  form.  As 
compared  to  other  methods  of  grinding  of  the 
alloy,  the  discharge  capacity  increases  almost  by 
30%  and  varies  within  20%  depending  on 
atmosphere  used  in  grinding. 
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The  permanent  joints  of  oxide  ceramics  units 
among  themselves,  and  with  metal  ones  obtained 
by  metal  solders  brazing  [1],  or  by  diffusion 
bonding  using  metal  gaskets  [2]  are  applied 
successfully  for  a  long  time  in  various  areas  of 
engineering  and  are  maintained  in  a  broad  range  of 
temperatures  from  cryogenic  [3]  up  to  800  °C  [4, 
5].  However,  during  development  of  new  advanced 
and  more  reliable  instrumentation  which  can  be 
operated  frequently  in  extreme  conditions  there  is 
more  often  necessity  in  obtaining  of  high- 
temperature  ceramics  strong  joints,  capable  to  work 
at  temperatures  up  to  1200  -  1400  °C  in  various 
conditions  including  air  atmosphere.  At  the 
moment  there  are  the  high-temperature  ceramic 
materials  based  on  alumina  and  zirconium  oxide 
suitable  for  long  operation  in  air  atmosphere  at 
high  temperatures  up  to  1800  °C.  But 

manufacturing  of  these  materials  permanent  joints 
able  to  work  at  the  above  mentioned  temperatures 
in  air  atmosphere  is  complicated  problem  a  rather, 
which  the  given  paper  is  devoted  to  the  solution  of. 
It  is  quite  obviously  that  solders  able  to  work  in 
such  conditions  can  be  platinum  group  materials 
resistant  to  oxygen  action  at  high  temperature  only. 
We  selected  palladium  and  platinum  as  solders  and 
the  samples  for  joining  were  made  from  alumina 
and  zirconium  oxide.  Besides  great  technological 
difficulties  (very  high  temperature  of  solders 
melting  in  vacuo,  especially  in  case  of  platinum, 
evaporation  of  these  metals  in  vacuo,  etc.),  active 
brazing  selected  ceramics  by  melted  platinum  and 
palladium  solders  method  is  also  not  acceptable 
because  of  bad  wetting  chosen  ceramics  by  these 
melts  [6],  Therefore  our  selection  of  a  joining 
method  of  alumina  and  zirconium  oxide  was  based 
on  these  materials  diffusion  bonding  carried  out  in 
air  atmosphere.  For  this  purpose  the  high- 
temperature  furnace  SVK  5163  with  chromite- 
lanthanum  heaters  was  used,  which  was  equipped 
by  specially  developed  appliance  for  pressure 
transmission  on  samples  being  joined.  It  consisted 
from  lever  system  in  which  pressure  was 
transmitted  from  separable  metal  loads  suspended 
on  the  end  of  the  long  metal  lever  to  a  refractory 
ceramic  rod  entering  inward  furnace  chamber  and 


contacting  directly  with  samples  being  joined. 
These  are  ceramic  bars  10x4x2  mm  by  size, 
collected  pairwise  with  the  appropriate  metal 
gasket  (palladium,  platinum)  between  them  in  a 
special  equipment  made  from  an  alumina  or 
zirconium  oxide  for  samples  centre-of-gravity 
position  and  fixation.  Ceramic  samples  ends  to  be 
joined  were  polished  up  to  a  roughness  Ra  =  0,25 
micrometers.  The  initial  platinum  or  palladium 
gaskets  thickness  was  0,1  -  0,2  mm.  Samples 
joining  was  carried  out  in  air  atmosphere  at 
temperatures  1300  -  1400  °C  for  palladium  gasket 
and  at  1400  -  1500  °C  for  platinum  one.  The 
welding  pressure  in  both  cases  was  10-15  MPa, 
soaking  period  under  pressure  was  20  -  30  min 
Obtained  samples  subjected  to  mechanical  bending 
tests  at  three-point  loading  and  to  thermocycling  in 
the  air.  Samples  strength  was  about  500  MPa  in  the 
case  platinum  gasket  and  400  -  450  MPa  in  the 
case  of  palladium  one.  The  destruction  of  joints  in 
all  cases  occures  on  ceramics  near  to  the  joint  zone. 
Samples  thermal  resistance  was  also  high  since  they 
have  withstanded  without  destruction  during  100 
cycles  at  heating  them  in  air  up  to  1 100  °C  and  then 
them  down  cooling  to  room  temperature. 

Thus,  the  tests  results  enable  us  to 
recommend  manufactured  joints  of  alumina  and 
zirconium  oxide  for  use  them  in  units  of  devices 
and  instrumentation  working  during  long  time  in 
conditions  of  heating  them  up  to  1300  -  1400  °C  in 
air,  for  example,  in  fuel  cells,  oxygen  transducers, 
etc. 
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The  antifriction  composition  materials  are 
applicable  in  industry  f  1  ] .  It  is  desirable  that 
antifriction  materials  for  bearings  have  of  a  high 
resistance  to  vibrations.  It  is  important  for  bearings 
having  small  dimensions.  The  "soft"  work  of  such 
bearings  is  characteristic  The  main  destination  for 
them  is  ensuring  low  coefficient  of  friction,  small 
dissipation  in  friction  at  low  value  of  wear. 
Criterions  for  antifriction  materials  are  coefficient 
of  friction,  loading  and  velocity  characteristics. 

The  general  requirements  to  antifriction  materials, 
which  are  used  in  assemblies  of  friction  as 
construction  details  (bearings,  supports)  are  high 
physico-mechanical  characteristics,  support 
property,  low  coefficient  of  friction,  high 
resistance  to  wear,  good  ability  to  run-in.  The  main 
materials  for  plain  bearings  are  alloys  on  copper 
base.  The  copper  has  high  heat  conductivity, 
flexibility  and  corrosion  resistance.  The  state  and 
quantities  of  addition  must  change  properties  of 
bearings.  The  additional  elements  Al,  Zn,  Sn,  Fc, 
Ni  might  increase  strength  and  hardness  of  copper 
alloy.  Zinc  adding  can  to  influence  on  wear 
resistant  of  alloy.  Including  graphite,  sulfides 
sulfur,  tin.  lead,  sclenidcs  etc  allows  to  withstand 
adhesion  in  friction  surface  and  to  create  materials 
with  high  antifriction  characteristics. 

For  improvement  of  mentioned  characteristics  (i.e. 
for  safe  of  friction  surface  from  high  wear  and 
adhesion  may  be  used  others  materials  also, 
including  diamond.  It  has  high  heat  conductivity, 
strength  and  low  coefficient  of  friction.  The  very 
fine  disperse  diamond  powders  (40-500  nm). 
w  hich  are  made  by  means  of  ware  used  of  dynamic 
synthesis.  These  dimensions  are  smaller  than 
surface  roughness  on  contact  pairs  of  friction.  Thus 
application  of  such  fine  powders  excludes 
opportunity  of  scratching  |2], 


The  metallic  binder  on  copper  base,  which  contains 
counter  80  Cu,  8  Sn,  12  Zn  (mass.%),  was  used. 
Ultra  disperse  powders  of  two  types:  were  used 
clean  diamond  powders  (sec  figure)  and  "semi¬ 
product"  (50%  diamond  powder  and  50%  non 
diamond  graphite  component). 

Properties  of  ultra  disperse  diamond  powders  are 
the  following  [3]: 

-  density  -  (2,97-3,00)  g/cm2; 

-  crystalline  structure  -  cubical  and  hexagonal; 

-  bulk  density  -  0,4  g/cm3; 

-  specific  surface  -  (250-350)  m2/g. 


Figure.  Diamond  powffer  of  dynamic  synthesis, 
scale:  1  cm  -  1  mkm,  x  10000. 

The  ultradisperse  powders  were  added  in  to  binder: 
3,  5,  6,  7  and  9  vd.  %.  The  (24x7x7  mm)  were 
made  at  two  technologies: 

1)  conventional  technology  of  powder  metallurgy: 
compacting  at  pressing  30-60  MPa  (up  to  porosity 
15-17  %),  sintering  at  temperature  840-950  °C 
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during  1220  min,  (under  gaseous  sate  medium  and 
covering) ; 

2)  electrodischarge  sintering  51  s,  current  density 
500  A/cm2,  end  pressing  60  MPa. 

The  hardness  of  samples  obtained  was  50-70  HRB. 
The  testing  during  2  hours  in  oil  medium,  with 
counter  body  -  steel  65G;  at  velocity  110  m/s  and 
loading  50  N  was  made.  At  manufacture  of 
samples  by  electrodischarge  sintering  technology 
for  compositions  with  clean  ultradisperse  diamond 
powders  increasing  their  concentration  from  4  up 
to  9  %  of  coefficient  of  friction  was  accompanied 
by  decreasing  from  0,14  up  to  0,12,  but  increased 
their  wearing  simultaneously  from  0,55  up  to  10,38 
mg/km. 

After  addition  of  3  %  "semi  product"  and  using 
electrodischarge  technology  wearing  was  0,42 
mg/km,  and  coefficient  of  friction  0,13. 

From  results  presented  can  a  give  at  a  conclusion 
that  the  addition  of  ultradisperse  diamond  powders 


or  "semi  product"  (~3  %)  instead  of  M0S2  can 
decrease  of  wearing  antifriction  materials  very 
essentially. 
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The  yttrium  ceramics  is  used  for 
manufacturing  volumetric  products  more  often  in 
comparison  with  other  superconductive  materials. 
The  yttrium  ceramics  has  a  number  of  advantages: 
temperature  of  superconductive  transition  is  above 
than  boiling  point  of  liquid  nitrogen,  rather  easily  it 
is  possible  to  receive  a  single-phase  charge,  (  1  ]. 

It  is  known,  that  volumetric 
superconductive  high-temperature  products  (the 
targets  for  laser  and  magnetron  of  the  equipment) 
receive  from  a  plenty  of  a  single-phase  powder.  For 
the  manufacturers  of  high-temperature 
superconductive  products  it  is  important  to  have 
the  authentic  and  reproduced  information  on 
properties  of  a  material  from  which  they  arc  made 
and  about  properties  of  the  product.  The  properties 
of  products  depend  on  a  method  of  reception  of 
powders  and  from  properties  of  the  powder. 

The  purpose  of  the  present  work  was  to 
receive  a  single-phase  yttrium  high-temperature 
powder.  To  investigate  properties  of  the  received 
powder. 

In  work  the  physical  and  technological 
properties  of  a  yttrium  superconductive  powder 
(form,  granulometric  composition,  bulk  weight, 
fluidity',  compressibility)  are  investigated.  The 
structure  of  a  powder  is  investigated. 

Certification  of  powders  carried  out  with 
the  help  of  X-ray  method  on  «Dron-3M» 
equipment.  The  sizes,  form  of  particles  of  a 
powder,  topography  of  their  surface  investigated  on 
the  raster  electronic  microscope  of  type  “JSM  -  T”, 
on  the  device  "Superprobe  -  733”  and  optical 
microscope  "Neophot-2".  Granulometric 
composition  of  powders  determined  bv  a  method  of 
calculation  on  optical  microscope  “MIM-7”  and 
sift  of  a  powder  on  standard  sifter.  The  study  of 
technological  properties  of  a  yttrium 
superconductive  powder  was  carried  out  with  use 
of  standard  techniques:  bulk  density,  fluidity, 
compressibility  [  2.3  ]. 

In  the  present  work  the  basic  methods  of 
reception  single-phase  HTS  of  powders  of  system 
Y-Ba-Cu-O:  a  chemical  method,  ceramic 

technology,  method  of  explosive  compression  are 
considered. 

At  manufacturing  yttrium  HTS  of  powder  on 
chemical  technology  as  initial  components  used 


water  solutions:  nitrates  of  yttrium  Y(N03)3  and 
copper  Cu(N03)2  and  hydroxide  of  a  barium 
Ba(OH)2,  precipitator  -  hydroxide  of  a  potassium 
KOH  At  reception  of  a  powder  HTS  ceramic 
method  and  method  of  explosive  compression  as 
initial  components  chose  of  yttrium  Y203,  copper 
CuO  and  barium  BaO  oxides. 

At  use  of  ceramic  technology  the  initial 
components  carefully  mixed  and  have  annolen  at 
temperatures  150  -  400  °C  i  800  °C  during  4  -  24  h. 
Thus  through  everyone  4  h  of  an  annealing  a 
synthesized  charge  repeatedly  mixed  and  sifted 
through  a  sieve.  Thus,  line  of  interannealings, 
millings  have  allowed  to  receive  a  homogeneous 
powder  with  a  high  yield  ratio  85-100  %  basic 
HTS  phases  YBa2Cu367_5 

At  use  of  chemical  technology  the 
ambassador  a  joint  deposition  of  a  yttrium  and  the 
coppers  as  hydroxides  Y(OH),.  Cu(OH)2  in 
received  washed  from  intermediate  products  of 
reaction  a  deposit,  entered  stochiometric  amount  of 
soluble  connection  of  barium  as  a  water  solution 
Ba(OH)2.  The  received  mix  have  steamed  up  to  a 
thickening,  dried  up  to  constant  weight,  carried  out 
the  appropriate  heat  treatment. 

At  use  of  technology7  of  explosive 
compression  the  initial  components  mixed  in  the 
ratio,  providing  ambassador  of  heat  treatment 
formation  of  a  superconductive  phase  YBa2Cu307.o 
and  added  the  condensed  explosive  substance. 
After  explosion  the  powders  separated  in 
depositings  tank  and  on  a  centrifuge,  dried  in  air  at 
temperature  350  °C  during  0,45  -  1  h.  The 
optimum  and  restrictive  parameters  established 
experimentally.  The  bottom  limit  of  concentration 
of  a  mix  in  explosive  substance  -  15  %,  top  -  40  %. 
Is  established,  that  during  explosive  compression 
of  an  initial  powder  mix  the  superconductive  phase 
"123"  is  not  formed.  Therefore  received  powder 
passed  heat  treatment  on  a  mode:  the  first  stage  - 
T-  920  -  950  °C,  t  -  6  h.  the  second  stage  - 
T  -  350  °C,  t  -  10  h. 

Is  shown,  that  the  powder  made  by  a 
chemical  method,  consist  from  finc-dyspersated 
particles,  which  formed  conglomerates  of  the 
different  sizes.  The  particles  of  fineer  fractions 
have  filled  space  between  large  conglomerates.. 
The  particles  of  a  powder  received  on  ceramic 
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technology,  represented  polyhedrons  with  the 
precisely  expressed  edges.  Their  surface  smooth 
also  has  small  quantity  of  ledges.  As  a  result  of 
explosive  influence  are  formed  nanopowders, 
which  form  conglomerates  of  the  different  sizes. 
The  form  of  such  particles  is  close  to  spherical. 

Is  established,  that  at  comparison  of 
technological  properties  of  the  investigated 
powders,  the  powder  received  on  ceramic 
technology,  has  the  highest  fluidity7  for  the  given 
class  of  materials.  The  presence  of  different 
fractions  provides  high  enough  density  of  stacking 
owing  to  filling  with  fine  particles  of  emptiness 
between  large  conglomerates,  as  determines  high 
enough  for  the  given  class  of  materials  bulk  weight 
-  up  to  3,4  g/snr’. 

Powders  received  on  a  chemical  method 
are  fme-dyspersated.  Due  to  presence  of  a  plenty  of 
ledges,  accrete  of  a  particle,  complicate  an 
opportunity  easily  to  slide  and  to  move  in  a  mix. 
The  fluidity  and  bulk  weight  of  such  powder  is 
much  lower,  than  powder  received  on  ceramic 
technology  .  It  is  experimentally  revealed,  that  the 
presence  of  a  fine  fraction  (>  16  %)  considerably  is 
worsened  fluidity7  of  a  mix  as  a  whole  and  reduces 
its  bulk  weight. 

On  technological  properties  the  powder 
received  by  a  method  of  explosive  compression, 
differed  from  other  investigated  powders.  This 
powder  very7  friable.  It  is  easy  crumble  up  to  fineer 
fractions.  Besides  it  is  necessary  to  take  into 
account,  that  the  formation  of  structure  "of  a 
explosive"  powder  passed  in  conditions  of  a  shock 
and  detonation  wave,  (t  <  10'  °s).  In  these 
conditions  arise  high  imperfect  structural  condition, 
which  influence  on  the  basic  physics  and  chemical 
characteristics  of  yttrium  HTS  powder.  Though  the 
particles  of  this  powder  are  close  to  spherical,  and 
bulk  weight  of  spherical  particles  high  enough  and 
can  change  from  53  up  to  74  %,  determine  fluidity7 
"of  a  explosive"  powder  it  was  not  possible.  The 
advanced  structure  of  spherical  particles 
complicates  drain  of  a  powder  from  a  funnel. 

For  researched  powders  the  factors  of 
fluidity  were  designed  and  the  limits  of  a 
formability  are  established.  Estimated  a  formability 
by  definition  of  the  minimal  pressure  of  pressing  at 
which  pressed  sample  was  not  scattered,  and  edges 
remained  steady7,  maximal  -  before  occurrence  of 
cracks  or  exfoliation  in  a  sample. 

Is  shown,  that  the  powders  received  by  a 
chemical  method  and  a  method  of  explosive 
compression  to  be  formed  better,  than  powders 
received  on  ceramic  technology7.  These  powders 
begin  to  be  compacting  at  pressure  of  pressing 


It/siu2.  "Ceramic"  powders  begin  to  be 
compacting  at  pressure  of  pressing  1,5  i7sm2. 

At  a  good  formability  of  a  powder  not 
always  it  is  possible  to  receive  a  final  product  with 
high  density7. 

The  dependence  of  porosity  of  samples 
from  HTS  materials  from  specific  pressure  of 
pressing  is  investigated. 

Is  established,  that  "tire  ceramic"  powders 
are  condensed  better,  than  other  investigated 
powders.  "The  explosive"  powder  lias  low- 
compacting.  At  specific  pressure  of  pressing 
8  T/sm2  the  porosity  in  briquettes  "of  a  explosive" 
powder  is  equal  -  18  %.  At  specific  pressure  of 
pressing  6  T/sm2  the  porosity  in  briquettes  of 
"ceramic"  powfler  is  equal  -17%. 

As  a  result  of  work  the  conclusion  is  made, 
that  the  physical  and  technological  properties  of 
powders  on  the  basis  of  a  phase  "123",  different 
technologies,  received  at  use,  of  their 
manufacturing,  influence  properties  of  the  pressed 
preparations.  The  powders  consisting  from  fme- 
dyspersated  of  particles  with  an  advanced  surface, 
are  form  better,  than  large-dyspersated  powders. 
However  at  pressing  they  are  worse  condensed 
also  density  of  the  pressed  briquettes  from  these 
powders  below7. 

From  received  yttrium  HTS  of  powders  the 
targets  for  sputtering  of  films  were  made  The 
superconductive  properties  are  investigated. 
Temperature  of  superconductive  transition  is 
Tc=  89  -  92  K,  width  of  superconductive  transition 
is  ATC=  4  -  5  K.. 
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Use  of  biostuffs  in  practical  medicine  for 
regeneration  of  defective  fields  of  an  osteal  tissue 
presents  them  series  of  the  demands: 

1)  biocompatibility  of  a  biostuff  with  an 
osteal  tissue,  i.e.  absence  of  negative  responses  of 
an  organism  by  the  way  of  inflammatory  processes 
or  casting-off; 

2)  availability  of  porous  frame  for  an 
acceleration  of  processes  of  an  intussusception  of  a 
new  osteal  tissue  in  a  stuff  of  an  implant; 

3)  mechanical  hardness  comparable  to 
hardness  of  an  osteal  tissue; 

4)  economic  technology  for  wide  use 
providing  accessibled  prices  of  implants. 

The  first  development  of  biostuffs  on  a 
basis  hydroxyapatite  show,  that  they  quite  answer 
the  above  indicated  demands.  Thus  among  the 
most  perspective  biostuffs  there  are  composites  on 
the  basis  of  biological  hydroxyapatite[l]. 
Biological  hydroxyapatite  -  closed-grained  stuff, 
which  represents  a  mineral  of  a  bone  and  can  be 
utilized  for  deriving  composites  by  the  way  of 
particles  of  the  different  dimensions  with  a  natural 
porosity.  Biological  hydroxyapatite  can  be  utilized 
in  technological  processes  together  with  organic 
amounting  (native  bone)  and  without  it  (trademark 
"Osteoapatite").  At  deriving  biostuffs  by  the  way 
of  separate  particles  can  be  utilized  "Osteoapatite" 
in  the  particles  which  have  saved  a  natural 
porosity. 

For  rising  mechanical  hardness  of  separate 
particles  was  utilized  their  interaction  with  low- 
melting  glasses  based  of  oxides  of  silicon,  sodium 
and  boron  in  process  a  melt-sintering. 

The  technological  process  of  deriving  of 
composites  consist  of  two  stages  with  temperatures 
of  a  preliminary  and  final  sintering  T|  and  T2. 
Temperature  of  a  preliminary  sintering  T]  were 
varied  in  limits  750-1300  °C.  Temperature  of  a 
final  sintering  T2  was  saved  invariable  and  did  not 
exceed  800  °C.  The  time  of  a  preliminary  sintering 
also  was  varied  in  limits  from  about  0,25  till  2 
hours. 

The  dimensions  of  particles  of  row  mixture 
before  a  preliminary  sintering  did  not  exceed  160 
micron.  And  the  dimensions  of  particles  of  row 


mixture  before  a  final  sintering  had  different  limits. 
For  a  final  sintering  samples  formed  by  a  method 
of  cold  pressing  by  the  way  of  cylinders  by  a 
diameter  6  and  15  mm. 

If  into  structure  of  row  mixture  was 
introduced  biological  hydroxyapatite  by  the  way 
"Osteoapatite",  the  obtained  samples  of  ceramics 
had  mainly  white  color,  sometimes  with  shades.  At 
introduction  biological  hydroxyapatite  by  the  way 
of  native  bone  the  obtained  samples  of  ceramics 
had  mainly  grey  color  of  different  intensity. 
According  to  results  of  a  chemical  analysis  in 
white  samples  of  composites  obtained  on  different 
technological  regimens,  the  general  common 
carbon  content  did  not  exceed  0,1  %  (mas.).  For 
grey  composites  the  general  common  carbon 
content  was  in  limits  0,06-0,21  %  (mas.).  Fixed, 
that  after  a  preliminary  high-temperature  and  short¬ 
term  sintering  in  structure  of  mixture  of 
composites  can  contain  more  than  12  %  (mas.). 
Carboneum,  which  is  significant  decreases  as  a 
result  of  a  final  sintering.  However,  the  residual 
amount  of  Carboneum  also  causes  grey  color  of  the 
obtained  composites. 

As  the  basic  parameters  of  composites 
were  are  chosen  pycknometric  density,  total 
amount  of  pores  and  mechanical  compression 
hardness  (table  1). 

As  it  is  visible  from  the  table,  white 
samples  of  composites  with  high  temperature  of  a 
preliminary  sintering  (are  higher  1000  °C)  have  the 
least  porosity  and  maximum  mechanical  hardness. 
It  is  stipulated  by  various  character  of  interaction 
biological  hydroxyapatite  with  glassforming  oxides 
at  high  and  low  temperatures  of  a  preliminary 
sintering.  At  enough  high  temperatures  low- 
melting  oxides  of  a  sodium  and  boron  take  part  in 
interaction  not  only  with  oxide  of  silicon,  forming 
a  liquid  phase,  but  also  with  surface  layers 
particles  biological  hydroxyapatite.  And  at  low 
temperatures  there  is  mainly  formation  glass  phase, 
which  by  the  way  fluid  amounting  inpours  between 
grains  biological  hydroxyapatite,  clamping  them 
thus.  It  is  possible,  that  the  process  of  penetration 
of  a  liquid  phase  between  particles  of  a  solid  phase 
at  high  temperatures  is  more  intensive,  that  results 
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in  the  greater  strengthening  of  samples  in  a  final 
phase  of  a  sintering.  In  case  of  introduction 
biological  hydroxyapatite  by  the  way  of  native 
bone  in  fusion  mixture  of  composites  there  is  a 
transformation  of  an  organic  component  to 
Carboneum  at  a  stage  of  a  preliminary  sintering. 

Table  1 .  Some  parameters  of  composites 
keeping(45-50)  %  (mas.)  biological  hydroxyapatite 


a)  white  samples  of  composites 


Parameter 

Ti=l  150  °C 

T,=1300  °C 

Density,  g/snv* 

2,750-2,770 

2,690-2,710 

Volume  of 
pores,  % 

20-43 

15-20 

Hardness  on 
compression, 
MPa 

20-95 

122-173 

phase  considerably  exceeds  an  amount  biological 
hydroxyapatite  in  structure  of  composites.  At  a 
short-term  low-temperature  sintering  the  process  of 
strengthening  is  not  finished  completely,  the 
sample  form  is  in  this  case  lost. 

References 

1.  PinchukN.D.,  Sulima  V.S.  Biomaterialy  dlja 
osteoplastiki  /  Problemy  osteologii.  -  T.3,  4, 

2000. -P.37-41. 


b)  grey  samples  of  composites 


Parameter 

Ti=900  °C 

Tj=l  100  °C 

Density,  g/sm3 

2,745-2,750 

2,508-2,585 

Volume  of 
pores,  % 

50-58 

31-32 

Hardness  on 
compression, 
MPa 

36-37 

61-87 

At  the  following  stage  there  is  a  bumup  of 
Carboneum,  that  results  in  formation  of  the  much 
greater  formation  of  an  amount  of  pores  in  grey 
samples  of  composites  in  comparison  with  white. 

Thus,  we  guess,  that  the  process  of 
building  of  composites  descends  including  liquid 
phases,  which  is  saved  before  the  terminal  of  a 
sintering.  Therefore  termination  products  remain 
diphasic,  keeping  a  crystalline  phase  biological 
hydroxyapatite  and  amorphous  glass  phase.  The 
ultimate  analysis  of  samples  structure  specifies 
availability  of  ions  of  calcium,  phosphorus,  silicon 
and  sodium  both  in  glass  phase,  and  in  crystalline 
fields  with  predominance  of  ions  of  silicon  and 
sodium  in  glass  phase.  At  high  temperatures  of  a 
preliminary  sintering  such  allocation  of  elements  in 
different  fields  of  composites  confirms,  that  the 
process  of  particulate  dissolution  and  depositions 
glass  phase  on  a  surface  of  particles  of  a  crystalline 
phase  biological  hydroxyapatite  takes  place. 

At  low  temperatures  of  a  preliminary 
sintering  this  process  demands  the  considerable 
temporary  costs  in  case  the  mass  amount  glass 
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FEATURES  OF  THE  FORMATION  OF  SOLID  SOLUTIONS  OF 
TITANIUM  CARBIDE  WITH  CARBIDES  OF  SOME  TRANSITION 

METALS 


Prilutskii  E.V.,  Makarenko  G.N.,  Kud’  I.V.,  Fedorus  V.B.,  Likhoded  L.S., 

and  Eremenko  L.I. 

Institute  for  Problems  of  Materials  Science,  National  Academy  of  Sciences  of  Ukraine,  Kiev, 

Ukraine 


It  has  been  known  that  the  introduction  of 
carbides  of  some  transition  metals  into  titanium 
carbide,  which  is  a  component  of  hard  alloys, 
causes  the  comminution  of  the  structure  and 
provides  high  values  of  hardness,  wear 
resistance,  and  resistance  to  deformation. 

The  temperature  of  formation  of  titanium 
carbide-based  solid  solutions  is  about  2000  °C. 
Since  further  application  requires  highly  disperse 
powders  of  the  solid  solutions  with  a  particle  size 
of  <0.5-1  pm,  prolonged  grinding  is  used. 

In  this  connection,  an  investigation  of  the 
possibility  of  the  formation  of  the  titanium 
carbide-based  solid  solutions  at  lower 
temperatures  and  the  development  of  a  rational 
technology  for  synthesizing  TiC-MeC  (Me  -  Ta, 
Nb,  and  Sc)  powders  without  grinding  are  of 
interest. 

In  the  present  work,  the  mechanism  of 
formation  of  solid  solutions  in  the  TiC-TaC,  TiC- 
NbC,  TiC-ScC  systems  in  the  process  of 
simultaneous  carbothermal  reduction  of  oxides  in 
hydrogen  and  vacuum  at  a  carbon  excess  and 
during  the  interaction  of  the  intermediate  product 
(TiC  +  Ccxcess)  with  oxides  of  the  corresponding 

metals  was  investigated. 

The  interaction  was  studied  in  the 
temperature  range  1600-2000  °C.  In  this  case, 
the  carbon  excess  was  varied  in  the  range  10-15 
mass  %. 

Mixtures  were  prepared  by  mixing  titanium 
oxide  with  carbon  black  in  a  planetary  mill  at  a 
speed  of  4800  rev/min  for  30  s  in  in  ethyl 
alcohol.  Then  the  mixtures  were  briquetted  and 


heated  in  vacuum  (temperature  was  raised  from 
room  temperature  to  each  set  value  at  a  rate  of 
100  °C/min)  or  in  a  Tamm  an  furnace  in  a 
hydrogen  atmosphere. 

Interaction  products  were  assessed  by 
chemical  and  X-ray  analysis. 

According  to  the  chemical  analysis  data,  in 
all  investigated  systems,  the  content  of  excess 
carbon  in  interaction  products  practically 
coincides  with  its  calculated  content.  In  samples 
obtained  in  hydrogen,  the  presence  of  oxygen 
(0.1  -  0.7  mass  %)  and  nitrogen  (0.1  -  2.3  mass 
%)  is  due  to  the  adsorption  of  the  gases  on  the 
surface  of  highly  disperse  powders.  The  Ti02- 
SC2O3  system,  in  which  the  oxygen  and  nitrogen 
content  exceed  4.3  and  3.9  mass  %,  respectively, 
is  an  exclusion.  This  can  be  due  to  the 
susceptibility  of  scandium  carbide  to  binding 
oxygen  and  nitrogen  with  the  formation  of 
oxycarbides  and  oxynitrides  and  the  high  degree 
of  incompleteness  of  the  d-electron  shell  of 
scandium.  The  X-ray  analysis  data,  indicating 
that,  during  interaction  of  the  mixture  of  titanium 
and  scandium  oxides  with  carbon  in  hydrogen,  a 
pronounced  decrease  in  the  lattice  constant  of  the 
TiC-based  phase  takes  place,  confirm  this 
assumption. 

The  X-ray  analysis  data  of  the  interaction 
products  are  presented  in  the  Table. 

The  reference  data  of  the  lattice  constants:  are  as 
follows:  for  TiC  a  =  432(4)  nm;  for  NbC  a  = 
0.446(9)  nm;  and  for  TaC  a  =  0.445(9)  nm. 
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Table.  X-ray  analysis  data  of  the  interaction 
products  with  a  10%  carbon  excess  (the  time  of 
_ reduction  is  1  h) _ 


No 

Mixture 

composition 

Tjnt°C 

X-ray  data,  lattice 
constants,  nm 

1 

Ti02-So203 

+  C 

1700 

TiC,  a=0.433(3); 
ScTitX  ScTiOs 

2 

the  same 

1800 

TiC,  a=0.433(7); 
ScTiCk  ScTiOs 

3 

the  same 

1900 

TiC  a=0.433(6) 

4 

the  same 

1900* 

TiC,  a=0 .430(5); 
ScTiCb,  ScTi05 

5 

the  same 

2000 

TiC,  a=0.433(7); 

Ccrnnh  (tUCes) 

6 

TiC;.p.  +  SC2O3 
+  C 

2000 

TiC,  a=0.433(9); 
Cgmnh.(traces) 

7 

Ti02-Nb205 

+  C 

1700 

TiC,  a=0.433(5); 
NbC.  3=0.447(5) 

8 

the  same 

1800 

TiC,  a=0. 433(4); 
NbC,  a=0.447(4) 

9 

the  same 

1900 

TiC,  a=0 .433(4); 
NbC,  a=0.446(2) 

10 

the  same 

1900* 

TiC,  a=0.433(4); 
NbC,  a=0.446(2) 

11 

the  same 

2000 

TiC,  a=0.433(5); 
NbC.  a=0.443(2) 

12 

TiCi.p+  Nb205 

+  C 

2000 

TiC,  3=0.433(3); 
NbC,  a=0.441(5) 

13 

TiC  +  Ta205 

+  C 

1700 

TiC,  a=0.433(3); 
TaC,  a=0 .446(0) 

14 

the  same 

1800 

TiC,  a=0.433(2); 
TaC,  a=0.445(8) 

15 

tlie  same 

1900 

TiC,  a=0. 433(4); 
TaC.  a=0.441(l) 

16 

the  same 

1900* 

TiC,  a=0.431(0); 
TaC,  a=0.443(0) 

17 

the  same 

2000 

TiC,  a=0.433(6); 
TaC.  a=0.438(8) 

18 

TiCi.p.  +  Ta2C>5 

1  +C 

2000 

TiC,  a=0.433(2); 
TaC,  a=0.439(4) 

♦Synthesis  was  performed  in  a  hydrogen  for  2  h. 


The  subscript  i.p.  corresponds  to 
intermediate  products 


According  to  the  X-ray  analysis  data,  in  the 
Ti02-Nb205  and  Ti02-Ta205  systems,  the  carbide 
phases  TiC,  NbC,  TiC,  and  TaC  form  during 
carbothermal  reduction  in  vacuum  in  the 
presence  of  the  excess  carbon  even  at  1700  °C. 

The  fact  that  these  phases  are  close  in 
composition  to  die  stoichiometric  ones  is 
confirmed  by  their  lattice  constants,  that  are  close 
to  the  reference  data  (TIC  =  0.433  nm,  a  NbC  = 
0.447  nm,  TaC  =  0.446  nm),  and  by  the  shape  of 
their  diffraction  maxima. 

Beginning  from  1800  °C,  die  formation  of 
solid  solutions  on  the  base  of  NbC  and  TaC, 
accompanied  by  the  broadening  of  the  diffraction 
maxima  of  niobium  and  tantalum  carbides  and  by 
changes  in  their  lattice  constants,  is  noted.  A  rise 
in  the  reduction  temperature  up  to  2000  °C  did 
not  result  in  the  formation  of  homogeneous  solid 
solutions,  and  only  an  increase  of  the  process 
time  enabled  us  to  obtain  the  solid  solutions  of 
specified  composition. 

Thus,  the  investigation  performed  shows 
that  the  carbothermal  reduction  of  oxides  in 
vacuum  in  the  presence  of  excess  carbon 
proceeds  via  the  formation  of  the  individual 
carbide  phases  TiC,  NbC,  and  TaC  followed  by 
the  dissolution  of  TiC  in  the  crystal  lattice  of 
NbC  (TaC). 

The  X-ray  analysis  data  show  that,  during 
carbothermal  reduction  of  the  Ti02-Sc203 
mixture  in  vacuum,  the  formation  of  the  solid 
solution  proceeds  by  another  mechanism.  In  the 
temperature  range  1700-1800  °C,  titanates  of 
scandium  and  titanium  carbide  are  in 
equilibrium.  The  homogeneous  solid  solution 
(Ti,  Sc)C  with  a  lattice  constant  a  =  0.433(9)  nm 
was  not  obtained  at  2000  °C. 


L 
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FINE  BORON  CARBIDE  POWDERS  AND  WHISKERS  FOR  CERAMIC 


Prilutskii  EAfo  Liashenko  V.I.,  and  Tkachenko  Yu.G. 

Frantsevich  Institute  for  Problems  of  Materials  Science,  National  Academy  of  Sciences  of 
Ukraine,  Kiev.  Ukraine 


Boron  carbide-based  and  B4C-containing 
ceramics  are  rather  extensively  used  in  industry, 
which,  in  turn,  causes  considerable  demand  for 
high-quality  starting  powders.  The  conception  of 
high  quality  for  boron  carbide  powders  employed 
in  ceramics  includes  a  list  of  the  folio  win  a 
properties: 

-  a  high  degree  of  dispersion  of  powders; 

-  a  narrow  range  of  the  granulometric 
composition; 

-  the  absence  of  even  isolated  very  large  particles 
(that  are  by  an  order  of  magnitude  larger  than 
medium-sized  ones): 

-  a  small  amount  of  impurities  of  incidental 
character  and  those  connected  with  the 
production  of  just  this  powder; 

-  the  possibility  of  obtaining  boron  carbide  in  the 
range  of  its  homogeneity,  i.e.,  with  a  lower 
content  of  bound  carbon; 

-  the  possibility  of  preparing  powders  containing 
a  specified  (tens  of  percents)  amount  of 
filamentary  fibers,  that  form  a  high-strength 
reinforced  system. 

Conventional  production  technologies  of  fine 
boron  carbide  powders  are  connected  with  the 
carbothermal  process  of  interaction  between 
boric  anhydride  and  carbon  reducers  of  different 
origin.  It  has  been  known  that  the  carbide 
formation  process  proceeds  just  on  carbon 
particles,  and  their  state,  especially  their  size, 
plays  a  determining  role.  For  instance,  in  the  case 
of  commercial-purity  carbon,  namely  carbon 
black  with  a  specific  surface  of  50-75  m2/g,  the 
temperature  of  carbide  formation,  providing  the 
completion  of  this  process,  is  above  2000  °C. 
This,  in  turn,  leads  to  the  severe  sintering  of 
briquettes  obtained  and  requires  their  durable 
force  grinding.  Due  to  the  abrasive  capability  of 
boron  carbide  grains,  the  grinding  process  causes 
the  severe  contamination  of  the  powder  obtained 
by  the  material  of  grinding  bodies  and 
equipment.  Moreover,  during  grinding  and 
removal  of  contaminants  appeared  as  a  result  of 
grinding,  the  severe  oxidation  of  the  powder  is 
observed.  The  values  of  consumption  of  energy 
and  human  labor  required  for  the  grinding  of 
briquettes  to  micron  sizes  and  classifying  the 
powder  constitute  50%  of  the  total  ones  in  the 


production  of  fine  boron  carbide  powder. 
Nevertheless,  in  grinding,  it  is  practically 
impossible  to  achieve  a  level  of  dispersion  above 
1-0.5  pm.  In  the  conventional  process, 
filamentous  boron  carbide  crystals,  that  can  be  an 
interesting  reinforcing  filler  owing  to  their  high 
strength  and  low  density,  do  not  form. 

We  developed  and  tried  out  a  solution  technology 
for  preparing  fine  boron  carbide  powder  without 
grinding  at  temperatures  of  carbide  formation 
ranging  from  1600  to  1650  °C.  This  precise 
technology  provides  the  monocrystalline 
structure  of  all  grains,  i.e.,  boron  carbide 
particles,  a  high  purity  of  the  powder  with  a  total 
content  of  impurities  of  no  more  than  5*1  O'2 
mass  %. 

It  should  be  noted  that  there  exist  conditions 
under  which  boron  carbide  powder  contains 
about  30%  of  filamentous  crystals.  Two 
morphologic  types  of  filamentous  crystals  form, 
namely  the  plate-like  (sword-like)  and  prismatic 
one.  In  our  opinion,  this  is  connected  with  the 
manifestation  of  different  mechanisms  of 
formation  of  crystals.  These  are: 

-  the  VLS  mechanism; 

-  the  rotation  of  a  screw  dislocation. 

The  ratio  of  the  length  of  crystals  to  their 
thickness  (diameter)  is  not  smaller  than  20-30. 
and,  in  some  cases,  exceeds  100.  In  an  optical 
microscope,  at  a  magnification  of  about  lOOx. 
some  plate-like  crystals  are  optically  transparent, 
which  points  to  their  small  thickness  and  the 
perfectness  of  their  crystal  structure.  In  the 
assessment  of  the  strength  of  filamentous 
crystals,  the  following  ratio  is  used:  the  strength 
of  such  crystals  practically  approaches  the 
maximum  possible  strength  of  this  material  and 
can  constitute  0.1  of  their  modulus  of  elasticity. 
For  boron  carbide,  this  value  is  about  4-5 
kg/rain2.  At  such  a  high  strength  and  the  good 
wetting  of  crystals  by  the  matrix  material,  for 
instance  aluminum,  the  presence  of  even  10  mass 
%  of  crystals  in  the  composition  can  provide  a 
strength  of  about  400  kg/mm2  and  a  modulus  of 
elasticity'  of  no  less  than  2*  103  kg/miri2. 

The  use  of  filamentous  boron  carbide  crystals  for 
self-reinforcement  in  ceramic  compositions  of 
different  application  is  of  great  interest.  In  such 
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materials,  one  can  expect  a  significant  increase  in 
the  crack  resistance  of  the  composition,  which  is 
of  the  utmost  importance  for  brittle  ceramics. 
Electron  micrographs  show  filamentous  boron 
carbide  crystals.  Their  plate-like  «sword-like» 
structure  is  clearly  seen. 


-  needle-like  crystals  of  two  types,  namely  plate¬ 
like  ones  with  a  width  of  5-10  pm  at  the  base  and 
prismatic  crystals,  whose  width  and  thickness  are 
equal  and  ranges  from  1  to  2  pm; 

equiaxial  particles  have  a  distribution  close  to 
the  Gaussian  distribution  with  a  mean  size  of 
about  8  pm.  The  maximum  size  of  particles 
is  20  pm  (isolated),  and  the  fraction  of 
particles  with  a  size  of  2  pm  and  under  is 
about  5%.  A  particle-size  distribution 
obtained  by  the  calculation  of  all  particles  on 
several  visual  fields  with  an  assessment  of 
their  size  is  presented  below. 


Paenpeflenewie  Macron  rapGuaa  6opa  no  paswepaw 


Tire  electron  microscopic  studies  of  two  batches 
of  boron  carbide  powder  obtained  by  the  solution 
grinding-free  method  has  shown  the  following; 

-  the  powder  ensemble  has  two  morphologic 
forms  of  particles,  namely  the  isometric 
(equiaxial)  and  needle-like  one; 

-  the  fraction  of  needle-like  crystals  over  the 
sur  face  of  a  thin  layer  (practically  a  monolayer  of 
particles)  constitutes  about  30%,  which,  at  equal 
densities  of  particles  and  crystals  correspond  to 
their  content  in  the  powder  ensemble; 
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THE  APPLICATION  OF  CONCENTRATED  LIGHT  RADIATION 
FOR  DEVELOPMENT  OF  TECHNOLOGICAL  METHODS  OF  THE 
HIGH-TEMPERATURE  MELTING  OF  OXIDE  COMPAUNDS 


Frolov  Alexander  A.,  Andrievskaja  Elena  R.,  Lopato  Lydia  M. 

Frantsevich  Institute  for  Problems  of  Materials  Science,  NAS  of  Ukraine,  Kiev,  Ukraine 


The  elevated  power  optical  furnace  “Crystal- 
M”  with  xenon  radiation  sources  was  developed 
in  the  IPMS  of  NAS  of  Ukraine  on  the  basis  of  the 
equipment  described  in  [1].  The  furnace  optical 
scheme  and  dependence  of  average  magnitude  of 
the  light  energy  flux  density  in  a  focal  zone  in 
diameter  of  1 0  mm  versus  a  current  intensity  E  (I), 
are  shown  on  fig.  1 . 
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Fig.l.  The  optical  scheme  of  furnace  and 
dependence  of  magnitude  of  the  average  light 
energy  flux  density  in  the  focal  zone:  1-  ellipsoidal 
reflectors;  2-  xenon  lamps  JfKCUlPB- 10000;  3- 
general  focal  zone  of  the  light  emitters;  4- 
dependence  E  (I)  for  one  emitter;  5-  dependence  E 
(I)  for  three  emitters. 


The  optical  furnace  is  consists  from  three 
ellipsoidal  reflectors.  The  JJKCIIIPE- 10000  lamps 
are  disposed  in  one  focus  of  every  ellipsoidal 
reflector.  Thus,  it  is  concentrates  over  2  kW  of 
light  energy  in  the  general  focal  spot  of  10  mm  in 
diameter.  The  magnitude  of  the  average  light 
energy  flux  density  in  the  focal  spot  at  I  =  3 00 A 
reaches  E=  1 ,4 ■  1 04  kW/m2.  This  corresponded  to 
equilibrium  radiation  of  absolute  black  body 
temperature  Tab.b.  =  4000  K.  The  maximal 
magnitude  of  the  average  light  energy  flux  density 
in  a  focal  spot  of  a  diameter  of  6  mm  at  1=3 00A  is 
E=l,6104  kW/m2,  Tabb  =  4100  K. 

The  fusion  experiments  for  high-melting 
oxide-coated  compound,  such  as  Hf02  (Tmeit  = 
3103  K)  and  Zr02  (Tineit  =  2973  K)  were  carried 
out.  It  was  shown  that  the  majority  of  high-melting 
oxides  could  be  melted  in  this  optical  furnace, 
under  condition  of  the  sufficiently  level  of  a  heat 
insulation  of  melt  zone.  Thus,  the  appropriate 
convenient  laboratory  installation  for  study  of  the 


high  temperatures  physicochemical  processes  was 
developed  in  IPMS  of  NAS  of  Ukraine.  It  is 
possible  to  develop  various  methods  high- 
temperature  treatment  of  materials. 

The  concentrated  optical  irradiation  has  the 
following  properties:  locality,  one  side  heating, 
ideal  cleanliness  and  high  temperatures.  The 
developed  optical  furnace  was  used  for  synthesis 
of  homogeneous  and  uncontaminated  solid 
solutions  by  melting  on  the  powder  blends  of 
starting  materials.  As  an  intensive  heat  removal  is 
exists  toward  the  melting  layer,  under  one-sided 
heat  in  the  optical  furnace,  the  thickness  of  the 
melted  layer  for  high-melting  oxides  can  not  be 
higher  0,5  -  1  mm.  Therefore  a  variant  of 
VerneiPs  method  was  used  to  produce  the 
massive  ingots. 

The  upper  butt-end  of  cylindrical  samples  with  a 
diameter  of  25  mm  was  pre-melted.  Then  the  new 
portions  of  a  powder  of  the  same  composition  was 
feed  to  melt  zone.  The  process  was  continued  up 
to  formation  the  melted  layer  thickness  of  5  -  6 
mm  on  a  surface  of  a  sample.  The  obtained  ingots 
were  sluggishly  cooled  to  ambient  temperature. 
The  samples  without  defects  regions  of  2  x  5  x  7 
mm  were  cut  out  from  these  ingots.  The  samples 
were  used  for  carrying  out  of  electro-physical  and 
radiographic  examinations. 

,  The  samples  of  the  systems  Hf02-Y203-Ca0, 
Zr02-Y203-Ca0,  CaHf03-Y203,  CaZr03-Y203, 
Hf02-Al203-Ti02,  Zr02-Al203-Ti02,  Hf02- 

Y203-Eu203  were  obtained  through  the  described 
manipulation  [2,3],  The  X-ray  phase  analysis  data 
have  shown,  that  reception  of  solid  solutions  by 
melting  method  provides  rapid  and  complete 
homogenization  of  mixtures  due  to  an  intensive 
convection  and  major  diffusion  rates  in  a  melt. 
The  X-ray  diffraction  and  chemical  analyses  has 
shown  that  the  composition  of  the  melted  samples 
was  not  deviates  from  of  solid  solutions  and 
corresponded  to  the  initial  composition  of 
mixtures. 

It  is  necessary  to  underline,  that  it  was  not 
possible  to  produce  the  applicable  samples  for 
electro-physical  investigations  by  another  way  then 
melt  in  the  optical  furnace. 
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The  optical  furnace  was  used  to  obtained  the 
melted  granules  of  oxide-coated  materials.  The 
high  cleanliness  of  the  process  has  allowed  to 
development  palletizing  methods  of  high  clear 
compounds,  for  example,  such  as  Nb205  and 
LiNb03.  These  compounds  were  used  for 
production  of  optical  fiber  materials  and  in 
microelectronics.  There  is  interest  for 
development  of  such  processes  in  the  technology 
of  crystals  growth.  The  problems  of  efficient 
filling  of  a  crucible  before  the  crystal  growth 
process  exists  on  the  initial  stage  and  delivery  of 
raw  mixture  in  a  crucible  for  maintenance  a  melt 
level  in  accordance  with  elongation  of  a  crystal. 
This  phenomenon  occurs  due  to  contraction  of  a 
material  volume  during  melting  as  source  loose  of 
a  powder  is  in  3-3,5  times  less  then  density  of  a 
melted  material. 

For  palletizing  the  material  was  positioned  in 
focus  of  the  optical  furnace  and  melted  under 
concentrated  light  flux.  The  fusion  process  was 
carried  out  in  a  crucible  from  the  sintered  powder 
of  the  most  material  due  to  a  locality  of  a  heating 
process.  Thus  it  completely  prevented  pollution 
from  an  external  crucible  material.  Then  the  melt 
was  poured  out  on  the  palletizing  cone. 

The  designed  palletize  method  of  the  high 
purity  material  have  some  specific  features.  The 
palletizing  cone  was  manufactured  from  ceramics 
with  protective  coating  from  the  palletizing 
material.  Thus,  was  used  a  palletizing  cone 
fabricated  from  quartz  ceramics  with  protective 
coating  from  Nb205  for  palletize  the  Nb205  melt. 
For  palletizing  the  LiNb03  melt  was 
superimposed  an  additional  stratum  from  LiNb03 
on  the  surface  of  palletizing  cone  [4,5].  After 
accumulation,  a  melt  was  poured  out  on  a  rotary 
palletizing  cone.  The  cooled  granules  were 
agglomerated  in  the  container  from  stainless  steel. 
The  spectrum  analysis  of  obtained  granules  has 
shown  that  the  content  of  all  controlled  impurities 
remained  unchanged  during  in  palletizing  process. 
The  impurity  concentration  made  about  MO"  - 
5- 10'3  masses.  %  in  a  starting  material. 

In  addition  to  these  experiments  the  granules 
of  compounds  Nb2Os  and  Ca0-Al203-CaS04  were 
obtained  by  pouring  out  melt  in  to  water.  The 
pieces  of  melted  material  blocs  of  irregular 
geometrical  shape  were  obtained.  This  blocs  can 
be  used  the  melted  coats  technology.  Ball-shaped 
granules  were  obtained  at  pulsing  (droplet  mass) 
feeding  of  a  melt  in  a  vessel  with  water.  But  it  was 
quite  difficult  to  provide  cleanliness  of  process  in 
this  case.  Therefore  it  is  not  possible  to 
recommend  this  process  for  pre-treatment  of 


mixture  to  obtained  high  pure  termination 
products. 

The  high  cleanliness  of  an  optical  heating 
allowed  us  to  use  the  developed  optical  furnace 
for  development  of  protective  ceramic  coatings 
technology.  The  particular  requirements  to  a 
substrate  and  a  coat  material  for  this  process  are 
the  following: 

1  -  the  physicochemical  properties  of  a 
substrate  ceramics  should  be  corresponded  with 
the  coat  material  properties; 

2  -  the  materials  of  substrate  and  coats  should 
have  the  high  heat  resistance  in  order  to  keep  the 
processing  conditions  in  a  local  focal  zone  with 
heavy  gradients  of  temperatures. 

This  problem  was  successfully  solved  for 
protective  coatings  from  Nb205  and  LiNb03.  The 
large  sizes  products  were  obtained  from  such 
materials  by  scanning  a  handled  surface  in  a  focal 
zone.  Thus,  the  dishes  from  Nb203  by  volume  of 
up  to  5  litres  and  a  series  of  other  products  were 
obtained.  These  products  have  passed  successful 
trials  in  the  production  requirements  at 
thermochemical  treatment  of  high  purity  niobium 
compounds. 
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THE  USAGE  OF  TITANS i  S\  HYDRIDE  FOR  THE  PREPERATIGX  WEAR 
RESISTANCE  COMPOSITE  COATING 


Gaslienko  Y.  A„  Luchka  M.  V.,  Kostenko  V.  K.,  Meduch  R,  M. 

Franscvicn  Institute  for  Problem  of  Materials  Science. 
National  Academy  o'  Science  of  Ukraine.  Kvev,  Ukraine 


Lately  the  development  ox  technique  has 
dealt  with  the  creation  of  materials  with  high 
temperature  end  composite  coating  with 
heterogeneous  structure  consisting  of  such 
materials.  The  methods  of  the  preparation  such 
coatings  heave  been  worked  out  at  the  Institute  for 
Problem  of  Material  Science  These  technologies 
have  such  peculiarity  as  simplicity,  economic:  the 
possibility  to  control  of  coatings  thickness  and 
uniformly  deposition  upon  the  part  of  complicated 
form 

The  studding  Ni-TiH?  and  Ni-B-Tifk 
system  prepared  by  the  co-deposition  Nj  and  Tiff: 
or  Ni.  B  and  Tifh  from  clorouae  electrolyte  of 
nickel  plating,  i  his  is  interesting  from  t lie  point  of 
view  of  formation  disperse-strengthening  structure, 
whish  have  been  achieved  as  s  result  of  hard 
solution  strengthening  by  means  of  second  phase 
disperse  distribution  after  the  following  heat 
treatment. 

i  he  main  attention  have  been  paid  for  the 
disperse  particles  content  in  electrolyte  solution/  it 
have  been  determined  the  increasing  panicles 
content  in  coating  from  their  increasing  particles 
content  in  electrolyte  solution/  As  a  rule  this 
concentration  reaches  some  maximal  vale  and  then 
it  changes  un considerably  (fig.  J).  The  maxima! 
amount  ofTiTT  powder  (10  %  Mass )  is  deposited 


Fig.  i.  TiliA  particles  cod  cut  in  CFG  in¬ 
dependence  from  their  quantity  in  electrolyte 
solution. 

when  10  g/f  of  Tiff  powder  is  introduced  in  to 
electrolyte.  1  he;  addition  of  the  second  components 
of  amorphous  byton  with  the  particles  size  less 


then  i  inkrn  is  leaded  to  the  decreasing  as  B  so 
Til  l,  content  in  coating. 

The  composite  electrolytic  coaling  (CEO 
■sh-Tilri  have  been  subjected  to  heat  treatment  in 
vacuum  at  various  temperatures  (200-1000  °C)  and 
time  of  process  (1-12  h). 

Tbc  studding  of  coatings  phase 
composition  and  measuring  of  crystal  gratina 
parameters  at  different  conditions  of  heat  treatment 
hav  e  shown  that  the  formation  of  solid  solution  Ti 
in  Ni  and  intennetal1i.de  Ni/fi  had  taken  place  at 
ah  the  investigated  temperatures. 

The  chaining  of  crystal  grating  parameter 
essentially  depends  on  temperature  and  time  of 
heal  treatment  and  it  usually  starts  at  temperature 
dOO-oOO  C.  i  he  inicrosfructure  of  first  samples 
hetore  the  heat  treatment  have  sho*»\T«  the  uniform 
panicles  distribution  imermctallide  inclusions  in 
the  matrix  of  y-solid  solution  after  heal  treatment 
(tig.  2).  The  microhardness  of  coating  is  practically 
unchained  during  heat  treatment  and  it  is  found 
about  300-400  Ka/inirf . 
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Tig.  2.  Microstructure  CF.C  Ni-Ti  after 
heat  treatment  (400  i.  ‘300  . 


The  CEC  NT-B-Till,  heal  trealinent  at  the 
temperature  of  eutectic  lead  to  the  formation  of 
framework  Ni.iB-Ni.,Ti-Ni  with  the  microhardness 
about  600-1 100  kg/mm*  and  die  soft  component 
(solid  solution  of  boron,  titanium  in  nickel)  is 
accommodated  in  its  interval. 

Tin?  preparation  of  heterogeneous  coating 
with  the  lugber  content  of  high  temperature 
melting  components  and  with  the  considerably 
bigger  thickness  (till  300-500  mkm)  have  been 
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achieved  by  the  combination  of  two  methods  - 
electrolytic  and  electroforetic. 

The  necessary  structure  is  formed  by 
means  of  definite-  correlation  between  the 
components,  which  can.  be  easy  regulate  be 
technological  parameters  and  following  heat 
treatment  [2]. 

The  electroforetic  coating  have  high 
porosity  (about  50  %  for  TiH2)  and  law  adhesion  to 
foundation  and  therefore  it  demons  a  strengthening 
heat  treatments. 

The  preparation  galvanoforetic  coatings 
(GPC)  consists  of  a  studies:  1)  the  deposition  of 
previous  layer  CEC  Ni-B  with  amorphous  boron 
content  near  4  %  mass,  which  thickness  is  easy 
regulated  and  it  determines  the  quantity  of  liquid 
phase  at  the  temperature  of  eutectic  formation;  2) 
the  deposition  of  phonetic  layer  TiH;;  3)  the  liquid 
phase  sintering  at  the  eutectic  temperature. 

The  microstructure  GPC  Ni  -  B~  TiH  (fig  3)  has 
good  correlation  with  the  phase  analyze  data  with 
the  presence  of  eutectic  NfrNUB  through  the  all 
layer  depth,  Ni  (Ti)  solid  solution  and  lines  of 
inteimetallide  N  i/Fi . 

The  test  for  the  determinations  of  relative 
wear  resistance  of  costing  has  been  made  using  a 
special  method  [3],  .Steel  45  have  been  choused  as 
etalon.  These  investigations  have  shown  high 
coating  resistance  in  abrasive  medium. 

The  corrosion  testing  of  CEC  Ni-  TiH?  in 
the  mediums  of  concentration  and  dilute  chloride, 
sulfuric  and  nitride  acids  have  shown  their  high 
resistance  in  the  medium  of  heat  treatment. 
Influences  essentially  on  die  corrosion  resistance, 
which  deals  with  the  formation  of  solid  solution  Ni 


Fig.  3.  Microstructure  GPC  Ni-B- 1  i.  x300 


(Ti)  and  decreasing  of  defect  in  coatings  crystal 
structure. 

The  strengthening  phase  Ni?Ti  increases 
the  coating  wear  resistance  and  therefore  such 
coating  can  be  recommended  for  the  protection  of 
pert  from  wear  corrosion  mediums. 
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STRUCTURE  AND  PROPERTIES  OF  MAGNETRON  FILMS  USING 
ADVANCED  COMPOSITE  AlN-TiCrB2  CERAMICS 
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Magnetron  sputtering  being  one  of  the  ver¬ 
sion  of  PVD  method  is  widely  applied  for  coating 
deposition  on  tools.  Hereby  it  is  necessary  to  use 
wear-  and  corrosion  resistant  materials  with  the 
higher  temperature  (>700°C)  and  enough  heat  con¬ 
ductivity.  The  magnetron  coatings  are  also  applied 
in  electronics  to  suppress  of  diffusion  on  the  "coat¬ 
ing-substrate"  boundary.  The  goal  of  this  study  is 
to  research  the  structure,  composition,  mechanical 
characteristics  and  resistance  to  high  temperature 
oxidation  (HTO)  of  magnetron  films  using  the 
AlN-TiCrB2  (1:1)  targets  manufactured  by  powder 
metallurgy.  As  substrates  the  monocrystalline  Si, 
AI2O3  (110)  and  GaAs  (100)  were  used. 

The  magnetron  films  obtained  were  char¬ 
acterised  by  ultra-dispersion  structure.  The  film 
phase  composition  may  be  differed  from  the  target 
one  due  to  AIN  oxidation  under  conditions  of  ion 
bombardment  during  spraying  even  in  the  cleaned 
At  environment.  The  main  film  phases  were,  side 
by  side  with  double  titanium-chromium  boride, 
alumina  and  aluminum  nitride.  The  film  ultra¬ 
dispersion  structure  and  high  adhesion  to  the  sub¬ 
strate  were  preserved  after  the  HTO  up  to  1500°C. 
Hereby  the  structure  reinforced  with  A1203  grains 
as  fibres  formed.  The  Al203-Ti02,  Al203-Cr203 
and  A1203-B203  solid  solutions  and  corresponding 
p-tialite  and  aluminum  borates,  ensuring  the  mate¬ 
rial  high  resistance  to  high  resistance  to  high  tem¬ 
perature  corrosion,  formed  during  HTO.  The  A1N- 
TiCrB^AlzOj  (110)  and  AlN-TiCrBz/GaAs  (100) 
films  were  thermostable  up  to  1000°C  and  had 
enough  high  both  microhardness  (30GPa)  and 
toughness  coefficient  (3.3— 4.7  MN/mM).  As  an 
example,  the  dependences  of  cracks  length  on  the 
load  for  AlN-TiCrB2/Al203  (110)  sample  at  differ¬ 
ent  annealing  temperatures  were  presented  in  Fig. 
The  structural  and  phase  transformations  took 
place  in  the  films  at  the  annealing  temperatures 
higher  than  1000°C.  Hereby  the  mechanical  prop¬ 
erties  was  made  worse  (Table)  and  the  adhesion 
strength  increased.  The  AlN-TiCrB2  target  material 
may  be  recommended  for  the  deposition  of  wear- 
and  corrosion-resistant  films  on  tools  and  parts 
working  under  extreme  conditions. 


Table 


Effect  of  annealing  on  microhardness  (Ht„  Gl’a) 
and  toughness  coefficient  (K,c,  MN/'m3'2) 
_  (^=30  min)  _ _ 
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Fig.  Dependences  of  cracks  length  on  the  load  for 
AlN-TiCrB2/Al203  (110)  sample 
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STUDY  OF  INFLUENCE  OF  BORON  STATE  AS  INITIAL  REAGENT  ON 
MODE  OF  BORON  SUBOXIDE  SYNTHESIS  AND  ITS  PROPERTIES 

Kharlamov  A.I..  Khotynenko  N.G.,  Kirillova  N.V.(1) ,  Trapalis  Ch.(2),  Fomenko  V.V.(3), 
Goydina  S.V.,  Shatscikh  C.K.,  Gubareni  N.I. 

Institute  for  Problems  of  Materials  Science  NAS  of  Ukraine,  Kiev,  Ukraine 

(1)National  Taras  Shevchenco  University,  Kiev,  Ukraine 

(2)Institute  of  Materials  Science,  Athens,  Greece 

(3)National  University  of  Food  Technologies,  Kiev,  Ukraine 


In  the  last  year,  growing  interest  to  suboxide 
phases  of  boron  could  be  explained  regarding, 
first  of  all,  their  high  hardness  (diamandand 
CBN  are  better  of  some  phases  only)  and 
lightness.  In  the  present  paper  results  of  study  of 
boron  anhydride  interaction  with  powderous 
boron  of  two  different  modifications  are 
reported.  The  aim  of  the  investigation  is  to  study 
the  nucleation  and  growth  mechanisms  in 
heterogeneous  system  of  suboxide  boron  phase 
and  find  out  nature  of  inheriting  by  the  yield  of 
properties  of  one  of  precursors,  in  particular, 
boron.  In  the  investigation  the  most  spread 
commercial  powders  of  two  modification  of 
boron,  black  amorphous  (Bam)  and 
rhombohedrical  (Br)  were  used.  It  is  common 
practice  to  suppose  that  their  difference  in 
reaction  capabilities  is  great.  But  the  most 
important  is  that  this  two  powderous  borons 
were  chosen  because  of  their  significant 
difference  of  their  particles  morphology. 
Characterisation  of  as  initial  boron  powders  as 
products  of  their  synthesis  was  carried  out  by 
means  of  crystal-optical,  X-Ray,  chemical, 
electron  microscopy  and  IR-spectroscopy 
methods. 

It  was  found  out  that  Bam  obtained  through 
crecking  of  borines  and  Br  obtained  through 
magnium  thermal  reduction  of  B2O3  differs  not 
only  by  the  order  of  crystallity.  Boron  powders 
TEM  images  (fig.l,a)  show  Bam  consist  of 
homogenous  in  shape  (like  balls)  particles  but 
significantly  various  in  size,  diameter  of  which  is 
from  30  to  150  nm.  Specific  surface  (Ss)  of  Bam 
measured  by  means  of  the  BET  method 
employing  an  ASAP-2000M  device  is  9,3  m2/g. 
In  IR  transmission  spectra  of  Bam  the 
characteristic  lines  of  the  lattice  absorption  are 
absent.  Powder  of  Bcr  consist  of  homogenous 
enough  particles  in  shape  of  splinters  (fig.l,b) 
with  the  size  of  which  is  0,5-1  mkm.  In  the  yield 


there  are  also  individual  bigger  particles  in  shape 
of  rods  and  3-5  mkm  in  length  and  particles  in 
shape  of  right  rectangles  with  size  less  than 
0,5mkm.  Specific  surface  of  Bcr  powder  is  3,4 
m2/g.  Thus,  initial  boron  reagents  significantly 
differ  not  only  in  its  inner  structure  (X-Ray,  IR- 
spectra)  but  also  apparently  (dispersity  and 
morphology  of  particles)  that  obviously  has  to 
affect  on  properties  of  products  synthesized. 
Temperature  and  kinetic  functions  of  B2O3 
interactions  with  as  Bam  as  Bcr  boron  were 
investigated  at  1000-1500°C  using  a  vacuum 
furnace  with  the  tungsten  heaters  and  carbon  free 
crucibles.  Reaction  capabilities  of  boron 
modifications  under  investigation  with  B2O3 
were  compared  and  studied  as  in  vacuum  as  in 
the  medium  of  inert  gas  by  means  of  high- 
temperature  derivatogroph.  In  conditions 
comparable  temperature  at  which  reactions  with 
Bam  starts  is  approximately  160  °C  lower  within 
all  heating  rates  than  that  when  Bcr  was  used  and 
at  20  degree/min  rate  of  heating  is  1260  and 
1420°C,  respectively.  Temperature  of  the 
reaction  start  practically  does  not  depend  on 
nature  of  reaction  medium  but  its  decreasing  is 
observed  when  rate  of  heating  was  lowered. 
Derivatograms  of  boron  interaction  with  B2O# 
contain  two  (endo-  and  exothermal)  peaks  which 
characterize  B2O3  melting  (T=340°C)  and 
boron  suboxid  phase  formation,  respectively. 
Influence  of  initial  boron  state  is  performed  not 
only  on  temperature-time  parameters  of  B2O3 
reduction  process  but  also  on  chemical 
composition  of  powderous  suboxide  boron,  its 
dispersity  and  what  is  the  most  important, 
morphology  of  its  particles  (fig.l,c,d).  According 
to  results  of  chemical  analysis,  the  phase  with 
composition  Bg  ^O  is  formed  from  Bam  whereas 
when  Bcr  is  used  the  phase  of  Bg^O 
composition  is  obtained.  X-ray  spectra  of 
products  obtained  of  Bam  and  Bcr.  are  similar 
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Fig.  1.  'I  EM  and  SEM  (adhered)  images  of 
boron  powders  (a-B:mi.,  b-Bcr)  and 


boron  subox idc  (e-B,,  3O,  d-Bf,  <()) 


Fig. 2.  IR-transmission  spectra  powder-like 
boron  ( 1-Bcr,  2-Bam)  and  boron  suboxide 
(3-  B6  50,  4-  B6  30) . 

and  correspond  BpO  phase.  However,  respect  of 
relative  intensities  of  main  peaks  in  X-ray 


patterns  of  both  pioducts  is  remarkably  different. 
1R  transmission  spectra  of  Bp  3O  and  Bp  5O 
powders  also  differ  when  the  absorption  lines  are 
considered  (lie. 2).  But  the  most  interesting  fact 
is  that  varying  in  dispersing  powder-like  Bp  aO 
and  Bp  5O  are  remarkably  different  when  their 
particles  surface  morphology  observed. 
Moreover,  morphology  of  both  products 
particles  clearly  enough  resembles  morphology 
of  appropriate  initial  boron  reagents.  For 
example.  Bp  3O  particles  ate  a  bit  circular  in 
shape.  It  is  worth  noticing  that  some  of  Bp  3O 

particles  have  passing  through  hollows  which  are 
of  right  shape. 

1  hermostability  in  air  of  B.,m.  Bcr.  Bp  3O  and 
Bp  5O  investigated  in  non  isothermal  mode 
testifies  on  considerably  higher  temperatures  of 
boron  suboxide  oxidation.  It  is  that  Bp  5O 
oxidation  occurs  at  temperature  as  low  as  535°C. 
whereas  Bp  3O  is  already  oxidized  at  d=445°(\ 

Iheretoie.  obtained  results  undoubtedly  proves 
that  boron  suboxidc  also  gets  in  some  extent  the 
reaction  capability  of  initial  boron,  when 
inheriting  the  morphology  of  initial  boron  during 
pi  oeess  of  its  s_\  nthesis. 
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STRUCTURE  AND  PROPERTIES  OF  RAPIDLY  COOLED  FIBRES 
PRODUCED  BY  EXTRACTION  FROM  A  MELT  OF  METALS 

Smetkin  A.A.,  Haidarshin  A.F. 

Research  Centre  of  Powder  Materials  Science,  Penn,  Russia 


Development  of  materials  of  fibrous  structure 
causes  the  huge  interest  due  to  an  opportunity  to 
combine  physical  and  mechanical  properties  into 
complex  unusual  for  other  materials. 

Representing  one  of  traditional  objects  of  powder 
metallurgy  the  materials  made  of  metal  fibres 
surpass  the  powder  materials  almost  in  all 
parameters,  they  are  much  stronger  then  powder 
materials  both  in  pressed  and  in  sintered  condition, 
and  their  plasticity  and  the  resistance  to  impact 
loads  much  higher  compared  to  similar  powder 
materials. 

As  to  producing  the  metal  fibres,  the  greatest 
attention  of  the  researchers  is  attracted  to  various 
methods  of  Melt-Quench  Solidification  (MQS)  due 
to  an  opportunity  to  form  disperse  structure  or 
amorphous  condition  in  materials  and  control  their 
properties. 

Method  of  Melt  Extraction  from  Suspended  Drop 
(SDME)  with  electron-beam  heating  was  used  in 
the  present  work  for  producing  the  rapidly  cooled 
fibres  from  pure  A1  metals  (A99  purity),  Ni  (HI), 
BT3-1  titanium  alloy,  D16  and  12X18H9  alloys. 

In  this  process  the  metal  filament  is  extended  from 
a  drop  hanging  freely  at  the  end  of  melted  core  of 
initial  material,  by  edge  of  rotating  disk- 
crystallizer. 

As  a  result  of  an  extraction,  the  rapidly  cooled 
product  is  formed  as  continuous  and  discrete 
fibres. 

Cooling  rate  of  the  process  is  about  105-106  °C/s. 

It  has  been  established  that,  when  extracting  on  a 
copper  disk-crystallizer  with  60°  angle  of 
sharpening,  the  cross  section  of  rapidly  cooled 
fibres  has  a  shape  of  segment. 

Structure  of  aluminum  and  nickel  fibres  is  shown 
in  figures  1-2. 

The  structure  of  rapidly  cooled  fibres  of  BT3- 
1  alloy  has  a  dendritic  pattern  and  consists  of 
martensite-like  alpha-  and  beta-phases  (fig.  3). 
Depending  on  extraction  process  parameters  the 
size  of  cross  section  of  a  fibre  was  in  average  from 
120  up  to  40  microns. 

The  ultimate  tensile  strength  of  the  recovered 
fibres  has  been  determined. 

The  results  are  shown  in  the  table  1 . 


Fig.  1 .  Microphoto  of  cross  section  of  Al-fibre 


Fig.  2.  Microphoto  of  cross  section  of  Ni-fibre 


Fig.  3.  Microphoto  of  cross  section  of  Ti-fibre 
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Table  1  -  Diameter  and  ultimate  strength  of  rapidly 
cooled  fibres 


Material 

Fibre 
diameter 
d,  micron 

Ultimate 
strength 
a„,  MPa 

Nickel 

86 

434 

Aluminum 

66 

61 

£16 

123 

118 

BT3-1 

55 

578 

12X18H9 

49 

280 

It  has  been  experimentally  determined,  that  the 
reduction  of  effective  diameter  of  formed  fibres  ( d ) 
depends  both  on  increase  of  linear  speed  (v)  on  a 
Disk-Crystallizer  (DC)  surface  (Fig.4),  and 
configuration  of  the  working  edge  of  disk. 
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Fig.4.  Dependence  of  Ti-fibre  thickness  on  surface 
speed  of  disk-crystalliser 


Fig.5.  Appearance  of  Al-fibre 

The  recovered  rapidly  cooled  metal  fibres  are  a 
basis  for  the  further  manufacturing  of  filtering  and 
composite  materials  having  special  properties. 


The  work  has  been  performed  in  accordance  with 
the  theme  of  the  RF  Ministry  of  Education  TOO- 
5.3  -2904  Grant. 


When  increasing  the  speed  of  bar  feed  into 
extraction  zone  and  reducing  the  linear  speed  on  a 
DC  surface  the  cross  section  gradually  gets  a 
crescent-type  form. 

Thickness  change  of  fibres  on  their  length  is 
characteristic  that  resulted  in  caterpillar  shape  (fig. 

5) 

This  feature  is  explained,  on  the  one  hand,  by  DC 
radial  and  axial  runout,  and,  on  the  other  hand,  by 
properties  of  a  melt. 
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SYNTHESIS  OF  NANOCRYSTALLINE  Zr02-X  MOL.%  Y203  POWDER 

Kohvlinska  O.V..  Labunets  T.F.,  Karpetz  M.Y.,  Ragulya  A.V. 

Frantzevich  Institute  for  Problems  in  Materials  Science,  Ukrainian  National  Academy  of  Sciences, 

Kiev,  Ukraine 


Zr02  -based  powders  are  usually  undergone 
calcination  at  high  temperatures  ~  600-1000  °C. 
However,  this  results  in  hard  agglomeration  and 
particle  growth  [1].  From  DTA  data  it  was  found, 
that  the  crystallization  of  the  amorphous 
precipitate  has  occurred  at  temperatures  higher, 
that  400  °C  . 

This  fact  allows  decrease  the  annealing 
temperature  compared  to  conventional  600  °C 
and,  therefore,  more  flexible  size  and  strength 
control  of  agglomerates.  The  volume  ratio  of 
tetragonal  (t)  to  monoclinic  (m)  phases  in  the 
partially  stabilized  zirconia  drastically  depends  on 
particle  size  and  concentration  of  dopant  [2]. 

The  present  study  is  about  particle  size  control 
during  low-temperature  crystallization  of 
amorphous  zirconia  doped  by  yttria.  Nanosized 
powders  of  yttria  stabilized  zirconia  have  been 
obtained  by  co-precipitation  and  following 
calcination.  The  range  of  dopant  concentration 
was  selected  as  (1,2  and  3)  mol.%  Y2O3. 

The  zirconyl  chloride  octahydrate  and  yttrium 
oxide  were  selected  precursors  for  this  method. 
Both  compounds  were  dissolved  in  HC1.  The 
detailed  procedure  can  be  described  with  the  flow 
chart  presented  in  Fig  1 . 

The  precursor  solution  was  added  dropwise 
to  an  excess  of  a  25%  ammonia  solution 
(dissolved  in  ethanol)  at  pH=9.  This  method  is 
called  the  “chloride”  method  [3].  The  obtained  gel 
was  then  thoroughly  washed  with  water/ammonia 
mixture  with  a  gradually  decreasing  amount  of 
ammonia  to  remove  Cl  ions.  Subsequently,  free 
water  was  removed  by  washing  with  ethylalcohol. 
The  replacement  of  water  by  ethanol  significantly 
lowers  the  capillary  forces  acting  on  the  gel 
during  drying.  Furthermore,  ethoxygroups  attach 
to  the  surface  of  the  hydroxide-particles  and 
prevent  the  formation  of  strong  interparticle  bonds 
during  catenation  [4],  The  gel  was  dried  in  air  for 
15  h  at  130  °C  and  calcined  at  450  °C  for  2-3  h. 

The  crystallization  of  amorphous  precipitate 
was  studied  by  differential  thermal  analysis 
(DTA),  thermogravimetry  (TG)  (Derivatograph 
Q-100).  True  concentration  of  impurities  in  the 
calcined  powder  was  carred  out  by  luminescent 
spectroscopy. 


Fig.  1  Flow  chart  of  the  synthesis  of  yttria  doped 
zirconia  powders. 
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BET  and  X-ray  diffraction  in  Cu  Ka  radiation  with 
Ni  filter  were  used  for  powder  characterization. 
DTA  has  revealed  that  the  crystallization  occurs 
in  the  temperature  range  of  415-425  °C  at  heating 
rate  of  10  °C/min. 

The  impurity  content  was  as  follows: 

Fe203  *  0.001  %,  MgO  «  0.0001  %, 

Cu203«  0.001  %,  Cr203  *  0,0001  %, 

Si02  *  0.1%  and  B203  traces. 

A  specific  surface  area  of  the  as-crystallized 
powders  was  around  ~  100  m2  /g.  Tetragonal 
zirconia  doped  with  3  mol.%  Y203  was  found  to 
remain  stable  in  the  temperature  range  of  450  - 
1200  °C.  Zirconia  doped  by  1  and  2  mol.%  Y203 
contained  48  and  19  vol.%  of  m-Zr02, 
respectively.  The  m-Zr02  volume  increases  with 
annealing  temperature  and  duration,  due  to 
particle  size  increase  on  heat  treatment  of  as- 
crystallized  powders. 
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COMBINATION  OF  SHS  AND  MECHANOCHEMICAL  ACTIVATION  FOR 

NANOPOWDER  TECHNOLOGIES 

Grigorieva  T.F.,  Korchagin  M.A.,  Lyakhov  N.Z. 

Institute  of  Solid  State  Chemistry  SB  of  RAS,  Novosibirsk,  Russia 


Mechanochemical  synthesis  and  mechanical 
alloying  are  in  wide  use  as  experimental  methods 
for  production  of  highly  dispersed  powders  and 
nanocomposites.  Using  mechanical  activation  we 
have  managed  to  prepare  the  nanocomposites  in 
immiscible  systems  such  as  Cu-Bi,  Fe-Bi,  Fe-In.  It 
is  possible  to  get  supersaturated  solid  solutions  in 
many  other  intermetallic  systems  (Cu-Ga,  Cu-In, 
Cu-Sn,  Ni-In,  Ni-Bi,  Ni-Sn,  Ni-Ge,  Ni-Al).  But 
from  technological  point  of  view  mechanical 
activation  put  a  lot  of  problems  which  can  not  be 
easily  solved.  The  most  difficult  are  the  low 
productivity  of  techniques  available  now,  and  the 
contamination  of  products  thus  obtained  by  the 
materials  of  mills.  The  energy  consumption 
should  also  be  taken  into  consideration  in  some 
large  scale  processes.  One  of  the  alternatives  to 
mechanochemistry  may  be  self  propagating  high 
temperature  synthesis  (SHS)  which  is  energy 
saving  and  can  be  applied  to  a  large  scale 
production  of  many  intermetallic  compounds  or 
complex  oxides  (nitrides,  carbides).  Nevertheless, 
this  method  include  combustion  stage  which 
requires  the  very  high  temperatures.  As  a  result 
the  final  products  can  be  obtained  only  in  the  form 
of  dense  sintered  or  solidified  products  when  SHS 
goes  through  the  melting  of  reagents  and/or 
products.  To  transform  such  products  into 
commercially  interesting  powders  one  need  to  use 
milling  as  an  unavoidable  step.  The  grinding  leads 
to  a  contamination  again  and  to  additional  energy 


consumption  which  may  be  comparable  with  that 
which  is  required  for  mechanochemical  synthesis 
itself.  Another  disadvantage  of  SHS  in  many  cases 
is  a  non  uniform  phase  composition  of  products 
obtained  due  to  high  temperature  gradients  in  a 
combustion  wave  resulting  in  quenching  of  some 
non  equilibrium  phases.  We  have  applied  a 
preliminary  mechanical  activation  to  some  SHS 
reactions.  It  has  been  shown  that  a  very  short 
mechanical  activation  of  mixtures  capable  to  react 
in  SHS  regime,  provides  a  significant  acceleration 
of  combustion  wave  propagation  and,  at  the  same 
time,  a  decrease  of  the  maximum  combustion 
temperature.  At  some  activation  conditions  the 
maximum  temperature  of  SHS  may  be  as  low  as 
no  one  component  of  reactive  mixture  is  melt. 
This  leads  directly  to  a  finely  dispersed 
(nanosized)  powders  as  a  products  of  SHS.  This 
combination  of  two  methods  can  be  efficient  for 
intermetallic  compounds  and  for  some  complex 
oxides  synthesis  via  SHS  when  peroxides  and 
metals  can  be  chosen  as  a  precursors  for  SHS.  We 
have  shown  also  that  the  after  SHS  mechanical 
activation  can  be  extremely  useful  from  the  point 
of  view  of  single  phase  powder  products 
formation.  All  these  advantages  are  illustrated  in 
this  paper  on  a  numerous  examples  such  as  Ni-Al 
or  Ni-Ti  intermetallic  compounds,  or  synthesis  of 
BaTiOs  from  Ba02  and  metallic  Ti,  etc. 
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STAGE  SEQUENCE  IN  MECHANOCHEMICAL  SYNTHESIS  OF 
NANOMETRIC  SOLID  SOLUTIONS  IN  METAL  SYSTEMS 

Grigorieva  T.F..  Barinova  A.P.,  BoldyrevV.V. 

Institute  of  Solid  State  Chemistry  and  Mechanochemistry  SB  RAS,  Novosibirsk,  Russia 


Mechanochemical  obtaining  of  solid  solutions 
in  metal  systems  with  negative  mixing 
enthalpy  is  characterized  by  the  formation  of 
intermediate  intermetallic  phases.  Mechanical 
alloying  process  (MA)  in  high-energy 
activators  of  planetary  type  with  the 
participation  of  a  low-melting  component 
starts  as  follows:  this  component  melts  and 
wets  the  surface  of  solid  particles; 
intermetallic  compounds  are  formed  at  the 
interface.  Good  wetting  of  solid  metals  by 
metal  melt  simplifies  and  accelerates 
dispersing  of  solid  metals  because  the  liquid 
phase  penetrates  and  gets  adsorbed  along 
intergrain  boundaries  and  defects  formed 
during  plastic  deformation  in  course  of  MA. 
The  liquid  metal  forms  intermetallic 
compounds  on  the  surface  of  newly  formed 
particles  of  a  high-melting  metal.  Typically, 
an  intermetallide  with  very  high  content  of 
low-melting  component  is  formed  at  this 
stage  of  the  process;  the  synthesis  of  this 
intermetallic  phase  lasts  till  complete 
consumption  of  low-melting  component. 


This  type  of  MA  behaviour  is  also  observed 
in  the  systems  with  higher  melting  points,  in 
which  metals  differ  in  their  plasticity.  Rapid 
broadening  of  diffraction  reflections  of  a  more 
plastic  component  and  their  disappearance, 
along  with  the  formation  of  intermetallic 
compound  with  high  content  of  this 
component,  allows  assuming  that  at  this  stage 
of  mechanochemical  mixing  of  the 
components  the  more  plastic  one  passes  into 
liquid-like  state  and  coats  the  particles  of  less 
plastic  component  thus  accelerating 
dispersion  similarly  to  what  happens  during 
liquid  metal  embrittlement. 

The  increase  of  the  content  of  newly  formed 
intennetallic  compound  is  also  observed  till 
practically  complete  consumption  of  the 
plastic  component;  only  after  this,  the 
formation  of  solid  solution  starts  in  course  of 
mechanochemical  interaction  between  the 
solvent  metal  and  intermediate 
intermetallides. 
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PROPERTIES  OF  ULTRAFINE  SUPERSATURATED  SOLID  SOLUTIONS 
OBTAINED  BY  MECHANICAL  ALLOYING 
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Needs  of  modem  industry  require  new  materials, 
both  chemically  inert  ones  and  those  with  high 
chemical  reactivity.  Highly  active  metal  and  alloy 
powders  are  used  in  industry  to  obtain  frame 
catalysts,  diffusion-hardening  solders,  metal 
cements,  materials  for  hydrogen  energetics,  and 
for  some  other  applications.  The  excess  free 
energy  in  the  system,  provided  by  the  increased 
concentration  of  non-equilibrated  defects,  such  as 
non-equilibrated  stoichiometric  defects 
(substituting  atoms,  vacancies)  or/and  plastic 
deformation  defects  (dislocations,  intergrain 
boundaries)  creates  enhanced  reactivity  of  the 
material.  Mechanochemical  synthesis  is  the  most 
promising  method  of  obtaining  non-equilibrated 
phases  in  which  both  types  of  the  above- 
mentioned  defects  are  present. 

Supersaturated  solid  solutions  based  on  copper, 
nickel  and  iron  were  synthesized  in  the  systems: 
Cu-Sn,  Cu-In,  Cu-Hg,  Ni-Ge,  Ni-Al,  Ni-Bi,  Ni- 
Sn,  Ni-In,  Fe-Sn. 

The  fact  that  the  supersaturated  solid  solutions 
obtained  by  mechanochemical  synthesis  have  the 
excess  free  energy  is  confirmed  by  calorimetric 
measurements.  It  is  known  that  the  ordering 
temperatures  of  solid  solutions  are  usually  0.6  of 
melting  point;  the  decrease  of  ordering 
temperature  is  promoted  by  high  concentration  of 
defects.  For  supersaturated  solid  solutions 
obtained  mechanochemically,  this  process  starts  at 
much  lower  temperature.  For  example,  in  the  case 


of  the  solid  solution  of  indium  in  nickel,  ordering 
should  start  at  a  temperature  of  above  600°C, 
while  in  the  samples  obtained  mechanochemically 
it  starts  at  ~  460°C;  for  the  solid  solution  of 
aluminium  in  nickel,  the  corresponding 
temperature  points  are  700  and  300°C, 
respectively.  It  is  typical  that  ordering 
temperatures  decrease  with  increasing 
concentrations  of  doping  element;  for  solid 
solutions  of  tin  in  nickel,  the  difference  is  more 
than  100°C.  For  the  sample  with  the  highest  tin 
concentration,  the  heat  of  ordering  is  7.5  kJ/mole. 
A  similar  correlation  between  the  decrease  of  the 
temperature  at  which  ordering  starts  and  the 
increase  of  the  concentration  of  a  second  element 
was  observed  also  in  the  Cu-Hg  system.  Exo- 
effect  is  also  increased  with  increasing  mercury 
concentration.  At  10  wt.%,  it  is  6.18  kJ/g,  while  at 
30  wt.%  Hg  it  is  18.35  kJ/g. 

During  annealing,  all  the  non-equilibrated  solid 
solutions  obtained  mechanochemically  are 
decomposed  to  form  the  equilibrium  phases 
characteristic  of  a  given  concentrational  range  of 
the  equilibrium  state  diagram.  The  heat  effect  that 
characterized  the  ordering  of  mechanochemically 
obtained  supersaturated  solid  solutions  relates 
both  to  the  non-equilibrium  non-stoichiometry 
defects  and  to  high  concentration  of  inter-phase 
boundaries  due  to  the  nanometer  size  of  the  blocks 
comprising  the  particles  of  these  solutions. 
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FUSIBLE  UNDERLAYERS  DURING  DEPOSITION  OF  THERMAL 

COATINGS 

Kuprianov  I.L. 

Institute  of  improvement  of  professional  skill,  Minsk,  Belarus 


Relaxation  of  stresses,  reduction  of  defects  of 
boundary  between  a  coating  and  a  substrate  and 
increase  of  adhesion  strength  cause  grounded  in¬ 
terest  to  fusible  underlayers  for  deposition  of 
thermal  coatings  for  heavy  loading  applications. 

Tin,  zinc,  cadmium  and  eutectic  alloy  Sn-Pb  were 
chosen  as  underlayer  materials  in  the  paper  under 
presentation.  Investigations  were  carried  out  on 
samples  from  thermal-treated  carbon  steel  45. 
Steel  65T  (wire)  was  chosen  as  the  material  for 
upper  coating  layer.  The  coatings  wee  deposited 
by  flame  spraying.  Investigations  of  structure, 
phase  composition  and  elements  distribution  in 
transformation  zones  were  carried  out.  Coatings 
adhesion  strength  was  also  measured. 

During  spraying  without  underlayers  micropores 
and  iron  oxide  inclusions  are  clearly  seen  on 
boundaries,  microstructure  of  separate  big  coating 
particles  is  not  homogeneous  and  consists  of 
martensite  and  products  of  bainite  transformation. 
There  are  practically  no  pores  in  the  transforma¬ 
tion  zone  during  deposition  of  coatings  in  fusible 
underlayers.  Coating  microstructure  with  tin  un¬ 
derlayer  can  be  characterized  by  tin  filling  in  mi¬ 
cro-roughnesses  in  the  substrate  material  and 
forms  a  transformation  zone  with  upper  coating 
layer.  Composition  of  transformation  zone  with 


Sn-Pb  underlayer  has  much  in  common  with  the 
one  with  tin  underlayer.  At  the  same  time  thick¬ 
ness  of  diffusion  zone  in  the  substrate  metal  is  8- 
10  mkm,  and  in  the  upper  coating  layer  -  up  to  20 
mkm.  Thickness  of  pure  tin  layer  is  within  the 
range  of  15. ..20  mkm.  Phase  composition  of 
transformation  zones  is  characterized  by  a  num¬ 
ber  of  iron  -  tin  compositions.  When  using  zinc  as 
the  fusible  underlayer  material,  which  diffusion 
mobility  in  iron  is  maximal,  thickness  of  trans¬ 
formation  zones  is  also  maximal,  and  phase  com¬ 
position  is  characterized  by  a  number  zinc  -  iron 
compositions.  Thickness  of  non-alloying  zinc 
layer  is  10. ..15  pm.  When  using  cadmium  as  un¬ 
derlayer  material,  mutual  element  dissolution  or 
formation  of  compositions  were  not  observed, 
there  is  practically  no  transformation  zone.  Re¬ 
sults  of  investigations  of  coatings  adhesion 
showed  that  minimal  adhesion  strength  during 
spraying  without  any  underlayer  is  20,3  MPa,  and 
maximal  with  Sn-Pb  underlayer  -  40,4  MPa. 

To  summarize  data  of  the  investigations  we  can 
assume  that  metals  or  alloys  with  minimal  melt¬ 
ing  temperature  (within  a  reasonable  range)  and 
maximal  hardness  and  plasticity,  higher  solubility 
of  substrate  in  the  metal  without  intermetallide 
phase  formation  should  be  chosen  as  metals  for 
fusible  underlayers. 
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ELECTRODEPOSITION  OF  MOLYBDENUM  CARBIDE  ON  THE  SUFACE 
OF  SEMICONDUCTORS  FROM  IONIC  MELTS 

Gab  A.I.,  Uskova  N.N.  Malyshev  V.V.(1) 
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It  is  well  known  that  the  deposition  of  metal- 
containing  coatings  on  the  surface  of  electrically 
conducting  abrasive  materials  (silicon  and  boron 
carbides,  zirconium  and  titanium  diborides)  in  an 
efficient  method  of  increasing  its  performance. 
Metallized  abrasives  are  characterized  by 
increased  mechanical  strength  and  adhesion  to  the 
substrate  and  are,  therefore,  consumed  in  smaller 
amounts  [1]. 

For  coating  electrodeposition  to  be  possible,  it  is 
important  for  the  corrosion  potential  of  the 
substrate  to  be  higher  than  the  deposition  potential. 
To  find  out  whether  diamond,  boron  nitride, 
silicon  carbide,  and  boron  carbide  can  be  coated 
with  molybdenum  carbide,  we  measured  their 
stationary  potentials  relative  to  the  Na2WC>4- 
0.2WO3|C>2,Pt  half-cell  (Table  1).  The  deposition 
potential  of  molybdenum  carbide  is  lower  than  the 
corrosion  potential  of  the  materials  examined, 
making  possible  the  deposition  of  high-quality 
coatings  [2]. 

Table  1. Corrosion  potentials  (Ecorr)  of  SiC  and 
B4C,  and  the  deposition  potentials  (E<jep)  of 
M02C  for  the  following  melt  composition  (Wt%): 
Na2WO4(85UMoO3(5)-Li2CO3(10).  T  =  1073 
K. 


Semiconductor 

Ecorn  V 

Edeo>  V 

SiC 

-1.05-U.09 

-1.35M.55 

B4C 

-1.14-M.17 

-1.35M.55 

In  this  work,  investigations  were  carried  out  on  the 
high-temperature  electrochemical  deposition  of 
molybdenym  carbide  from  ionic  melts  in  relation 
to  temperature,  cathodic  current  density,  and 
electrolysis  duration.  An  attention  was  also  given 
to  the  relationship  of  these  parameters  with  the 
deposition  rate  and  with  the  strength  and  service 
properties  of  abrasive  materials.  In 
electrochemical  metallizing,  grains  of  abrasive 
materials  (silicon  and  boron  carbides)  are  held  in 
melts  of  an  equimolar  mixture  of  sodium  and 
potassium  tungstates  with  additions  of 
molybdenum  oxide  (VI)  and  lithium  carbonate  at 


1073-1173  K  under  the  cathodic  current  density 
10-200 A/m2.  Under  these  conditions  electrical 
conductivity  of  the  surface  of  abrasive  marerials 
increases  and  the  surface  plays  the  role  of  an 
active  substrate  for  high-temperature 
electrochemical  synthesis.  At  temperatures  less 
then  1073  K,  metallizing  does  not  take  place 
because  powder  deposits  of  the  molybdenum 
carbide  forms. 

The  extent  of  metallizing  was  determined  as  the 
difference  in  the  mass  of  initial  and  metallized 
materials.  Phase  composition  of  the  coatings  was 
studied  by  means  of  X-ray  diffractometer  DRON- 
3.0  equipement.  The  external  appearance  of 
coatings  and  their  integrity  were  evaluated 
qualitatively  by  microscopic  analysis  of 
specimens.  The  coating  consists  of  a  light-gray, 
finely  crystalline,  continuous  deposit.  Its  integrity 
can  be  clearly  seen  on  cleaves.  X-ray  diffraction 
patterns  of  the  surface  layer  of  specimens  with 
coatings  contains  strong  lines  of  molybdenum 
carbide. 

The  molybdenum  carbide  was  deposited  on  the 
grain  of  silicon  and  boron  carbides  40  and  16  pm 
in  size,  respectively,  at  1173  K.  The  extent  of 
metallizing  the  grains  depends  strongly  on  the 
cathodic  current  density  and  electrolysis  time  (Fig. 
la,b).  With  an  increase  of  these  parameters  the 
deposition  rate  increases.  The  maximum  attained 
thickness  of  obtained  coating  was  5  pm. 

Tests  of  the  grains  of  silicon  and  boron  carbides 
for  fracture  were  carried  out  in  accordance  with 
GOST  9206-81  at  DA-2  equipment.  The 
coefficient  of  the  fracture  load  was  represented  by 
the  ratio  of  fracturing  loads  of  the  metallized  and 
initial  grains.  Capillary,  characterizing  the  wetting 
or  abrazing  of  materials  by  a  specific  binder,  was 
determined  using  generally  recognized  procedure 
[3]  from  the  height  of  water  level  lifting  in  glass 
tubes  filled  with  initial  and  metallized  grains. 

As  the  result  of  deposition  of  molybdenum  carbide 
the  coefficient  of  the  fracture  load  of  silicon  and 
boron  carbides  grains  was  equal  to  1 .5-2.5,  and  the 
capillary  of  SiC  grains  increased  3.4-4-fold, 
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whereas  that  of  boron  carbide  increased  2.3-2.5- 
fold. 

Thus,  electrochemical  metallizing  of  abrasive 
materials  with  molybdenum  carbide  in  ionic  melts 
increases  the  fracture  load  of  the  grains  and  their 
wetting. 


Am,  % 


Am,% 


Fig.  1.  Dependence  of  metallization  degree  of  SiC 
(1)  and  B4C  (2)  by  M02C  on  cathode  current 
density  (t  =  1  h)  (a)  and  on  electrolysis  duration 
(ik  =  100  A/m2)(b)T=  1173  K. 
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FOR  BEARING  APPLICATIONS 
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One  of  the  main  technical  problems  is 
improvement  of  reliability  and  service  life  of 
machines  and  mechanisms.  Statistics  prove  thdt 
more  than  80%  of  machines  and  mechanisms 
suffer  failures  due  to  worn  engines  working  in 
friction  conditions  (bearings,  journals,  seals,  etc.). 
Technical  development  resulting  first  of  all  in 
increasing  speed  and  loadings  for  friction 
assemblies,  requires  introduction  of  new  wear- 
resistant  materials.  That’s  why  development  of 
antifriction  and  wear-resistant  materials  and 
technologies  for  their  production  and  also 
spraying  of  coatings  on  their  base  is  an  up-to-date 
problem. 

The  majority  of  antifrictional  parts  based  on  iron 
and  copper  (plain  bearings  first  of  all)  are 
produced  by  PM  methods.  But  quite  cheap 
sintered  alloys  based  on  aluminium  bronze  are 
also  quite  interesting.  They  may  show  high 
operational  properties  in  conditions  of  friction  at 
high  loadings. 

Antifriction  aluminium  bronze  powder  material 
and  plasma  coatings  on  its  base  were  chosen  in 
the  paper  under  presentation. 

Powder  produced  based  on  copper  were  studied 
according  to  their  X-ray-structural, 
microstructural  analyses  and  microhardness.  The 
powder  was  produced  in  the  regime  of 
technological  combustion. 

X-ray-structural  phase  analysis  was  carried  out 
with  the  help  of  general  purpose  diffractometer 
^POH-3.0  in  CoKa  monochrome  radiation  with 
automatic  control  device  including  a  goniometer 
and  database  with  software  for  collection, 
processing  and  analysis  of  data  «X-ray»  (versions 
1.0  and  2.0)  and  «Aist»  and  also  a  special 
software  GOR  for  automatic  investigation  of  fine 
structure  including  program  for  splitting  lines 
«SPLITLINE»  realized  on  IBM  PC/AT. 


Results  of  comparative  X-ray  diffraction  analysis 
showed  that  phase  composition  of  synthesized 
powder  materials  is  similar  to  sprayed  aluminum 
bronze  BPA)K  9-4. 

Herewith,  spectra  of  the  powder  have  too  high 
background  with  tendency  to  increase  to  back 
angles. 

All  lines  of  copper  solid  solution  are  shifted  to.  the 
increase  of  lattice  parameter  comparing  to  the 
standard,  at  the  same  time  the  shift  increases  with 
growth  of  the  angle  20  reaching  maximum  on 
back  angles. 

Results  of  the  lattice  parameter  calculation  and  its 
micro-deformations  showed  that  powder  under 
synthesis  is  characterized  by  increased  lattice 
parameter  a=3,6483  A.. .3, 6511  A  and  micro¬ 
deformation  of  about  10,03... 10,78  lO-A 

Also  there  was  observed  high  shift  of  lines  of 
copper  and  high  background  —  for  the  second  line 
-  line  (200)  A2©  reaches  0,88°  and  2,77°  on  line 
(400),  which  proves  of  strong  over-saturation  of 
copper  solid  solution  with  alloying  elements. 

Method  plasma  HanbuicHna  on  standard  modes 
have  received  samples  of  coverings 

Spray  optimization  has  been  processed  by  APS 
technique.  Powder  with  fraction  of  50...  160  pm 
and  with  microhardness  above  285HV50  was 
used  for  spraying. 

For  an  estimation  of  friction  forces  of  coatings  the 
method  based  on  determination  of  torque  was 
used,  and  its  realization  was  carried  out  by  the 
machine  of  friction  2070  CMT-1  at  speed  of 
sliding  0,5  m/s  under  the  "disk  -  disk"  circuit,  at 
liquid  greasing  conditions.  One  of  disks  from 
thermal-treated  carbon  steel  45  was  used  as 
contrbody.  A  range  of  examined  loadings 
200...1300N.  With  the  purpose  of  reception  of  the 
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minimal  error  of  measurements,  5  samples  with 
similar  parameters  were  tested. 

It  is  established,  that  in  a  range  of  loadings 
300...1100N  even  wear  is  observed,  and  the 
coefficient  of  friction  did  not  exceed  value  0,04, 
the  temperature  in  a  contact  zone  did  not  exceed 
60°C.  To  increase  of  loading  there  is  give  rise  in 
temperature  up  to  100...120°C  and  wear  is 
considerably  increased. 

Thus  plasma  coatings  from  investigated  material 
may  be  used  for  manufacturing  new  and 


restoration  of  the  worn  out  details  working  in 
units  of  friction  with  constant  loading  up  to 
1100N  that  corresponds  low  and  moderate 
trybotechnical  loads.  Besides,  these  materials  are 
quite  interesting  as  structure  materials  and 
matrixes  for  composites. 
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STRUCTURE  AND  PROPERTIES  OF  A1203  AND  Al203+Cr203  COATINGS 
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Coatings  of  aluminum  oxide,  which  are 
produced  by  gas-thermal,  plasma  detonation 
deposition  find  their  wide  application  due  to  their 
high  wear  resistant,  corrosion  resistant,  heat 
protecting,  electro-isolating,  etc.  properties.  When 
the  powder  A1203  is  deposited  by  the  plasma- 
detonation  way,  it  undergoes  phase 
transformations,  which  ratio  depends  both  on  the 
characteristics  of  initial  material,  and  on  the  way 
and  conditions  of  deposition,  substrate 
temperature,  the  thickness  of  the  deposited  layer, 
the  velocity  of  the  incident  plasma  jet,  its 
temperature,  and,  probably,  other  factors.  In  this 
connection,  the  servicing  characteristics  of  the 
aluminum  oxide  coating  seem  to  be  determined  by 
a  quantitative  content  of  various  modifications  of 
A1203  in  it.  As  is  known,  in  the  process  of 
exploitation  under  high  temperatures,  the  phase 
composition  may  change.  Therefore,  one  may 
assume  that  this  change  of  phase  ratio  may 
influence  the  protecting  properties  of  aluminum 
oxide  and,  naturally,  affect  the  life  of  these 
coatings. 

Modem  techniques  of  deposition  of  high 
quality  coatings  have  been  developing  now  in 
such  a  way  that  to  provide  high  rate  deposition  of 
materials.  In  spite  of  evident  advantages  of  gas- 
detonation  way  of  coating  deposition,  application 
of  these  coatings  in  industry  is  limited  because  the 
devices  for  proportioning  and  feeding  of  powders 
are  complicated  and  there  exist  power  limitations 
of  a  pulsed  jet. 

This  paper  proposes  to  apply  non-stationary 
detonation  burning  processes  of  combustible  gas 
mixtures  in  the  device  for  deposition  to  increase 
the  pulse  power.  Realization  of  detonation  of  the 
combustible  gas  mixture  in  an  electromagnetic 
field,  which  is  formed  between  two  coaxial 
electrodes  in  the  reaction  chamber  seems  to  be  an 
efficient  way. 

Therefore,  the  purpose  of  the  presented  paper 
was  to  investigate  physical  and  chemical 
properties  and  phase  composition  of  coatings  of 
aluminum  oxide  and  A1203  +  Cr203  mixture, 
which  were  deposited  using  the  plasma  detonation 


technique  (under  high  temperatures  and  high  rates 
of  the  plasma  jet)  to  the  substrate  of  steel  3 
(0.3wt.%C). 

A  plasmotron  “Impulse-3”  [1]  purposed  to 
deposit  coatings  has  been  applied.  This 
plasmotron  has  a  changeable  pipe  and  a  gas- 
dynamic  combustion  chamber,  where  the 
components  of  combustible  gas  mixture  are  mixed 
and  their  detonation  with  to  20  Hz  frequency  is 
initiated.  Initiation  of  detonation  is  realized  using 
a  sparking  plug,  feeding  of  combustion  mixture 
components  and  cooling  of  water  are  realized 
from  the  backside  of  the  plasmotron  through 
pipelines.  Total  expenditures  of  the  combustion 
mixture  components  are  2  m2  per  hour,  the 
initiation  frequency  being  4  Hz.  The  energy  of 
charging  unit  is  400  mF  under  3.5  kV  voltage. 
The  length  of  the  gas-powder  jet  limited  by  the 
cylindrical  pipe  was  350  nm,  and  a  distance  of 
deposition  was  40mm.  The  velocity  of  plasma  jet 
may  be  given  in  advance,  it  can  reach  600  m/s  to  8 
km/s,  plasma  temperature  in  the  jet  being  2  x  103 
to  3  x  104  K,  and  the  power  density  of  pulsed 
plasma  can  reach  5  x  107  W/cm2.  To  investigate 
the  element  composition,  we  applied  a  beam  of 
protons  (1.744  MeV),  using  Elastic  resonance  on 
protons  and  Rutherford  back  scattering  of  He 
ions  of  2  MeV  energy.  To  investigate  the  phase 
composition  and  structure,  we  applied  X-ray 
phase  analysis  (XRD)  with  diffraction  (the 
apparatus  DRON-3,  USSR)  and  transmission 
electron  microscopy  with  diffraction  (TEM)  using 
the  Electron  microscope  EM- 125  (Electron, 
Selmi,  Sumy,  Ukraine)  under  accelerating  voltage 
of  about  125  kV.  The  surface  morphology  was 
studied  using  the  raster  electron  microscope 
(REM  102  EM,  Selmi,  Sumy,  Ukraine)  and 
Atomic  Force  Microscope  (AFM).  Hardness  was 
measured  using  PMT-3  apparatus  with  a  pyramid 
KNUPA,  adhesion  was  determined  using 
sclerometry  with  indention  of  the  diamond 
pyramid  into  a  coating  and  its  motion  over  it. 

Presents  the  schematic  of  RBS  analysis  and 
elastic  resonance  on  protons  (an  angular  cross- 
section  of  A1203  coating  with  a  steel  3  substrate). 
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As  it  is  seen,  that  the  measurements  have  been 
performed  at  three  different  points  of  the  coating: 
near  the  surface,  in  the  coating  depth,  and  near  the 
phase  boundary  of  the  film  and  the  substrate.  The 
energy  RBS  spectra  and  elastic  resonance  on 
protons  show  an  evident  surface  peak  of  C  (as  a 
result  of  resonance)  in  the  vicinity  of  1 .755  MeV. 
Also,  one  can  see  steps  corresponding  to  O,  Al, 
and  Fe.  Stoichiometry  of  the  ceramic  layer  near 
the  surface,  which  was  averaged  over  the 
thickness  of  1 .6  mm,  was  as  A^C^Feo.s;  carbon 
concentration  was  about  llat.%.  Near  the  phase 
boundary,  the  stoichiometry  of  ceramic 
composition  significantly  changed  and  was 
Al3S058Fe3.  Iron  concentration  increased  almost 
by  a  factor  of  6,  and  the  ratio  of  oxygen  to 
aluminum  was  close  to  a  classic  one  -  Al40O60.  Fe 
was  present  all  over  the  whole  thickness  of 
coating,  which  evidenced  some  erosion 
(evaporation)  of  the  electrode  into  the  plasma  jet. 
The  coating,  which  was  composed  only  by 
aluminum  oxide,  had  an  average  density  of  p  = 
3.9  g/cm3  (this  was  close  to  the  value  for  a-Al203, 
i.e.  p  =  3.98  g/cm3).  Micro-hardness  of  some 
regions  reached  1.95  x  104  H/mm2,  its  minimum 
value  being  about  1.4  x  104  K.  Measurements  of 
heat  conductivity  of  A1203  coating  demonstrated  a 
value  of  38  W/m  x  K,  which  was  close  to  that  for 
the  pure  A1203  (40  W/m  x  K).  One  should  note 
that  the  coating,  which  was  produced  from  the 
mixture  of  A1203  +  Cr203  powders,  had  higher 
value  of  hardness  >  (2.1  to  2.2)  x  104N/mm2. 
However,  the  preliminary  tests  for  adhesion 
demonstrated  that  under  the  same  thickness  of 
coating  (about  0.8  mm),  A1203  had  better  adhesion 
than  that  of  the  mixed  one  (composed  of 
aluminum  oxide  and  chromium  oxide). 

A  phase  composition  of  A1203  coating,  which 
was  determined  by  TEM  with  diffraction, 
demonstrated  the  presence  of  such  phases  as:  a- 
A1203;  p-Al203;  y-Al203;  q-Al203;  AlFe.  a-Al203 
was  a  poly-crystal  with  average  crystal 
dimensions  of  about  250  nm.  Crystallites  were 
without  defects,  had  a  regular  cut.  P-A1203,  a- 
A1203,  and  ;  r|-Al203  were  poly-crystals, 

dimensions  of  their  crystals  were  from  100  to  300 
nm.  A  defect  structure  was  observed  inside  the 
crystallites.  It  consisted  of  dislocations  (as  a 
contrast  showed).  The  region  of  a  transition  layer, 
which  was  contiguous  with  the  substrate, 
consisted  of  FeAl  poly-crystals,  their  average 
dimensions  being  about  20  nm.  This  transition 
layer  consisting  of  FeAl  had  high  dislocation 
density.  One  also  should  know  that  because  of 


high  deposition  rate  and  high  temperature  of  the 
plasma  jet  being  incident  on  the  substrate,  some 
discrepancy  of  parameters  of  crystal  lattices  of  the 
coating  and  table  values  was  noticed  (which  was 
revealed  in  studies  of  electron  diffraction).  XRD 
analysis  of  the  same  coating  demonstrated  good 
correlation  of  these  results  with  TEM  analysis.  In 
spite  of  the  fact  that  XRD  information  was 
obtained  from  a  thicker  layer,  it  was  revealed  that 
a-phase  constituted  about  60%  of  coating,  y-phase 
constituted  about  30%,  meta-stable  phases  as  p- 
and  r|-,  which  could  hardly  be  revealed  in  the 
XRD  spectrum  without  special  thermal  annealing 
were  the  rest. 

Phase  analysis,  which  was  performed  using 
TEM  with  diffraction,  demonstrated  the  following 
phases:  a-Al203;  P-A1203;  y-Al203;  Cr203,  and 
Cr30.  a-Al203,  and  P-A1203  crystallites  are  of 
average  dimensions  (about  150  nm)  and  have  no 
defects,  y-phase  was  the  region  of  coating  with 
crystallites,  which  dimensions  were  scores  of 
nano-meters  (20  ±  30  nm).  Micro-electron 
patterns  showed  a  ring-like  structure.  The  regions 
of  the  coating  containing  Cr203  had  crystallites  of 
average  dimensions  of  about  150  nm, 
dislocations-like  defects  were  absent.  Cr203 
regions  of  coatings  contained  very  large  crystals 
of  0.5  mm  dimensions. 

Conclusion:  In  such  a  way,  the  presented  work 
has  shown  that  the  plasma-detonation  way  of 
deposition  from  A1203  and  A1203  +  Cr203  allows 
one  to  produce  coatings  of  good  quality,  in  which 
crystal  dimensions  are  from  20  to  250  nm.  They 
consist  of  a-,  P-,  y-,  r|-  phases  and  the  transition 
layer  of  15  pm  thickness,  which  contains  FeAl 
and  has  high  dislocation  density.  Coatings  of 
aluminum  oxide  are  of  high  hardness  to  1.95  x  104 
N/mm2,  those  of  A1203  +  Cr203  are  of  (2.1  to  2.2) 
x  104  N/mm2.  Heat  conductivity  of  A1203  coatings 
was  38  W/m  x  K,  which  was  close  to  that  of  a- 
A1203  (40  W/m  x  K).  One  should  note  that 
adhesion  of  the  Steel  3  substrate  with  A1203 
coating  was  higher  than  that  of  the  coating 
deposited  from  the  mixture  of  A1203  +  Cr203 
powders. 
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Plasma  impulse  as  an  energy  source  has  its  own 
peculiarities  and  advantages  when  treating  a  part's 
surface: 

-  high  concentration  of  the  fed  energy  and  locality 
enable  to  treat  only  the  surface  area  of  the 
material  without  heating  the  rest  bulk  and 
distorting  its  structure  and  properties,  that  results 
in  minimum  part's  buckling; 

-  high  concentration  of  the  fed  energy  enables  to 
heat  and  to  cool  the  treated  bulk  of  the  material 
with  high  rates,  the  effect  period  being  small.  As 
a  result  it  is  possible  to  make  unique  structures 
and  properties  of  the  treated  surface; 

-  possibility  to  control  the  parameters  of  impulse- 
plasma  effect  enables  a  structure  regulation  of  the 
surface  layer,  its  hardness,  roughness,  wear- 
resistance,  geometrical  sizes  of  the  treated  areas  etc. 

The  researches  and  optimisation  of  effect  of 
impulses  of  a  plasma  jet  on  thermal  barrier  and 
wear-resistant  coatings  obtained  by  plasma 
spraying  are  carried  out.  The  equipment  for 
deriving  impulses  is  the  quasistationary  high- 
current  plasma  accelerator  in  an  vacuum  chamber. 
The  parameters  of  a  compression  plasma  stream 
are:  length  ~0.5  m,  diameter  in  the  field  of 
maximal  squeezing  -0.03  m,  velocity  of  flow 
stream  -  (1...  2)-  10s  m/sec,  temperature  of  plasma 
-3x1 04K. 

At  a  research  and  optimisation  of  impulse 
processing  varied  a  distance  of  effects  and  amount 
of  impulses  of  a  cycle.  The  measure  of 
optimisation  was  served  required  structure  of 
processed  coatings  Zr02+7%Y203, 

NiCr+50(80)%Cr3C2,  NiCr-Fe+50%SiC.  The 
researches  of  structure  are  supplemented  with  the 
analysis  of  a  generalised  index  of  porosity  of  the 
deposited  materials  and  crumbled  hard  particles  of 
carbide  phase  at  preparation  microsections.  The 
researches  of  wear-resistant  coatings  containing  a 
carbide  phase  were  accompanied  also  with 
measuring  of  a  microhardness  of  materials 
sprayed  and  processed  by  plasma  impulses.  The 
circumstantiation  of  the  information  about 


elements  of  obtained  structures  was  carried  out  by 
X-ray  diffraction  analysis. 

The  results  of  researches  display,  that  at 
processing  the  thermal  barrier  coating 
Zr02+7%Y203  the  optimal  distance  of  pulse- 
plasma  effect  is  0,52... 0,56  m,  optimal  amount  of 
impulses  is  1 .  Thus  the  starting  surface  of  sprayed 
ceramic  with  a  developed  relief  is  noticeably 
aligned  and  fissured,  being  disparted  on  large 
fragments,  which  size  are  20...  30  pm.  The 
starting  structure  of  an  oxidic  coating  from  a 
surface  acquires  an  aspect  of  the  stiffened  melt 
with  width  no  more  than  15. ..20  pm.  The  basic 
phases  of  a  powder  material  Zr02+7%Y203  which 
is  identifying  functionality  of  a  thermal  barrier 
coating  are  saved  in  last.  The  obtained 
transformed  layer  able  to  deform  without 
destruction  by  alms  of  fragmentation  of  a  surface 
is  uniformly  place  on  a  coating  closing  exits  of 
pores  and  decreasing  gas  permeability  of  a  coating 
which  effectiveness  is  increase. 

At  a  research  of  wear-resistant  coatings 
NiCr+50(80)%Cr3C2  and  NiCr-Fe+50%SiC  is 
established,  that  the  optimal  distance  of  pulse- 
plasma  effect  for  materials  containing  Cr3C2,  SiC, 
accordingly  is  0,38  and  0,40  m,  optimal  amount  of 
impulses  is  5.  Thus  the  vitrification  of  a  surface 
and  underlying  layers  on  whole  width  of  sprayed 
materials  is  reached.  The  density  and  cohesive 
strength  of  sprayed  materials  are  rises,  decrease 
on  15. ..20  %  its  a  generalised  index  of  porosity 
and  crumbled  hard  particles  of  carbide  phase  is 
argumentatives  about  that.  Such  transformation  of 
structure  promotes  resistance  of  a  coatings  against 
mechanical  destruction  during  friction. 

At  the  same  time  residual  porosity  and  crumbled 
hard  particles  of  carbide  phase  take  place,  that  is 
apparently  linked  with  fugacity  of  thermal  and 
dynamic  impulse  effects  (-200  psec). 

The  comparison  of  the  X-raygrams  of  starting 
powders  and  coatings  after  impulse  effects 
displays  that  an  essential  modification  of  phase 
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composition  does  not  happen.  However  intensive 
heat  by  impulse  of  plasma  with  local  vitrification 
and  superfast  cooling  of  layer  of  sprayed  material 
causes  modification  of  carbide  phase  and  increase 
of  presence  of  amorphous  phases,  which,  as  is 
known,  create  premises  of  wear-resistance  of 
coatings.  More  random  distribution  of  carbide 
phase  and  microhardness  of  coatings  is  linked 
with  application  of  powders  with  composition 
particles  NiCr+50(80)%Cr3C2.  To  mechanical 
mixture  of  powders  NiCr-Fe+50%SiC  are 
correspond  noticeable  oscillations  of  a 
microhardness  of  coatings,  on  which  surface  as 
likely  as  not  the  presence  of  separate  extended 
segments  from  a  bonded  material  NiCr-Fe.  The 


indicated  segments  with  low  hardness  easily 
distort  by  contrbody  of  tribocoupling  with 
formation  of  skin-tight  to  each  other  conjugate 
belts,  on  which  the  propensity  to  microcontact 
grip  and  scratch  at  friction  is  exhibited. 
Investigations  are  made  on  samples  from  steel 
45(1.0503),  which  were  plasma  sprayed  with 
protective  coatings.  Spraying  was  made  on  «Plasma- 
Technik»  (Switzerland)  unit.  The  two  stage  quasi¬ 
stationary  high-  current  plasma  accelerator 
(QHPA)  with  coaxial  system  of  electrodes  served 
as  a  source  of  impulse  effect  on  coatings. 
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The  structure-phase  state  of  metal  forming  during 
crystallization  pays  attention  of  researchers  since 
it  effects  significant  influence  on  mechanical  and 
physics-chemistry  characteristics  of  a  products. 
The  crystallization  of  metal  in  conditions  of 
welding  has  a  number  of  the  features  appreciablly 
distinguishing  it  from  crystallization  of  the  big 
ingots. 

The  purpose  of  the  present  work  is  the  research  of 
structure  and  phase  composition  of  a  welded 
seams  of  steel  09G2S  with  thickness  >30  mm, 
used  in  casings  of  blast  furnaces. 

The  metallographic  researches  of  structure  and  the 
phase  composition  of  a  welded  seams  have 
shown,  that  a  method  and  a  way  of  welding  in  a 
melted  zone  form  the  gradient  structure  having 
following  characteristic  features.  In  the  centre  of  a 
seam  the  biphase  structure  consisting  of  grains  of 
ferrite  and  pearlite  is  forming.  The  grains  of 
ferrite  have  the  anisotropy  with  factor  of 
anisotropy  k=L/D~2.  The  dispersion  of  a  vector  of 
a  structural  texture  (a  relative  position  the 
longitudinal  axes  of  grains  of  ferrite  on  the  surface 
of  grinding)  is  rather  significant  and  reaches  90%. 
The  pearlite  has  lamellar  morphology.  Its  grains  (a 
volume  fraction  of  them  is  of  -10-15%)  form  the 
complex  structure,  settling  down  along  boundaries 
of  grains  of  ferrite  or  embracing  them.  The  given 
zone  of  a  welded  seam  is  characterized  by  the 
slow  kinetics  of  crystallization  with  the 
subsequent  full  division  of  phases  into  stages  of 
y->a  transformation. 

The  layer,  adjoining  to  the  given  one,  has  similar 
phase  composition,  however  the  morphology  of 
pearlite  in  it  changes  strikingly.  The  lamellar 
structure  pearlite  does  not  come  to  light,  the 
pearlite  grains  are  broken  into  colonies  of  the 
submicronic  sizes.  The  interphase  boundaries 
have  a  gear  (fragmentary)  structure.  The  grains  of 
ferrite  thus  change  a  little  bit.  The  revealed 
features  of  a  structure -phase  state  of  the  given 
layer  allow  to  voice  the  assumption  about  the 


incompleteness  of  phases  division  and  process 
coagulation. 

The  further  structure  formation  of  the  steel  seam 
is  carried  out  by  recrystallization  of  grain 
structures.  The  nuclei  of  steel  recrystallization  are 
formed  along  boundaries  of  initial  grains.  In 
process  of  removal  from  the  centre  of  a  seam  the 
volume  fraction  of  recrystallization  a  material 
grows,  the  formed  grains  are  increased  in  the 
sizes. 

The  transitive  zone  forming  in  the  field  of  contact 
of  melting  with  solid  material,  is  characterized  by 
the  third  type  of  structure  consisting  of  large 
grains,  with  plates.  Such  structure  due  to  the 
morphological  attribute  may  be  referred  as 
widmannstatten  ferrite.  Pearlite  in  the  given  area 
of  a  material  is  not  found  out.  It  is  possible  to 
assume,  that  carbon  available  in  steel,  forms 
disperse  particles  of  carbide  phases  which  are 
settling  down  on  interphase  boundaries.  Hence, 
the  given  area  of  the  welded  seam  is  characterized 
by  absence  of  division  of  phases  that  is  caused, 
obviously,  by  the  high  speed  of  cooling. 

The  seam  structure  formed  during  crystallization 
is  gradient  structure  -  in  process  of  removal  from 
the  centre  of  a  seam  the  average  sizes  of  grains  of 
ferrite  and  pearlite,  a  volume  pearlite  fraction  and 
morphology  of  cementite  develop  in  conformity  to 
certain  laws.  It  is  established  that  in  process  of 
removal  from  the  centre  of  a  seam  the 
noneguilibrium  degree  of  structures  is  increacing. 

Table  1.  Dependence  of  grains  parameters  from 


number  of  a  zone  o: 

'a  welded  seam 

Parameter  Ns  of 

zone 

a,  mcm 

b, 

mcm 

c, 

mcm 

1 

23,5 

- 

15,0 

2 

21,8 

2,7 

7,5 

3 

19,7 

6,8 

6,2 

4 

- 

7,5 

5,0 

The  note:  a  -  the  average  sizes  of  initial  grains  of 
ferrite,  b  -  the  average  sizes  of  secondary  grains  of 
ferrite,  c  -  the  average  sizes  of  pearlite  grains. 
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It  follows  from  the  established  dependences,  that 
with  increase  of  distance  (number  N  of  an 
analyzed  zone)  from  the  centre  of  a  seam  the 
average  sizes  of  initial  grains  of  ferrite  and 
pearlite  are  decreased,  and  secondary  grains  of 
ferrite  are  increased.  According  to  this,  the 
volume  fraction  of  initial  grains  of  ferrite  and 
pearlite  is  reducing  and  secondary  ferrite  grains  is 
growing.  The  process  of  getting  smaller  of  ferrite 
grains  in  a  welded  is  caused  by  recrystallization  to 
such  effect.  The  thermal  stresses  arising  in  a 
material  owing  to  constrained  conditions  of 


crystallization  lead  to  such  effect.  The  decrease  of 
pearlite  volume  fraction  is  most  likely  connected 
with  the  high  density  of  formed  interphase 
boundaries.  The  energy  of  connection  of  carbon 
atoms  with  defects  of  crystal  steel  structure 
(vacancy,  dislocations)  is  higher  than  for 
cementite  particles.  Hence,  the  ferrite  grain 
boundaries  formed  in  the  recrystallization  process 
will  be  the  effective  traps  for  carbon  which  in 
process  of  cooling  a  material  may  form  disperse 
particles  of  carbide  phase. 
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The  armature  of  low-alloy  steel  of  various  diameters 
strengthened  by  a  method  of  interrupted  quenching 
in  a  stream  of  high-speed  mills  of  West-Siberian 
Metallurgical  Works.  In  a  building  industry  during 
the  process  of  manufacture  of  building  and  ferro¬ 
concrete  designs  is  widely  used.  The  given  way  of 
thermal  hardening  allows  to  make  lower  the 
utilization  of  ferromanganese  and  also  to  exclude' 
additional  technological  operations  [1].  Thus 
building  steel  has  structure  of  a  natural  composite 
[2], 

The  purpose  of  the  present  work  is  the  investigation 
of  the  laws  of  plastic  deformation  and  fracture  of 
armature  of  big  diameter  from  steel  18G2S 
alongside  with  detailed  research  of  their  defect 
structure  and  phase  composition. 

The  researched  material  at  the  certain  way  of 
etching  of  face  section  of  rod  reveals  the  concentric 
zones  differing  by  a  degree  of  etching  and  the 
various  colors.  The  macrostructure  and  the  amount 
of  zones  and  their  parameters  depend  on  the 
diameter  of  armature.  Zones  are  not  equivalent  on 
the  sizes.  As  a  rule,  the  greatest  volume  is  occupied 
by  the  intermediate  zone.  The  central  and 
undersurface  zones  are  rather  insignificant  and  have 
the  similar  character. 

The  metallographic  structure  analysis  revealed  the 
qualitative  and  quantitative  distinctions  in  the 
structure  of  zones.  The  etching  picture  of 
undersurface  zones  is  characteristic  for  the 
martensitic  similar  structure.  In  the  central  zone  the 
areas  of  the  pearlite  structure  are  observed  and  we 
can  see  also  the  structure  characterized  by  the  fine 
undergraine  chaotically  located  particles  of  carbide 
phases.  The  intermediate  zone  contains  elements  the 
both  zones  considered  above. 

The  analysis  of  grain  structures  has  revealed  two 
types  of  grains:  the  large  grains  with  the  sizes  of  30- 
40  microns,  having  an  equilibrium  configuration  of 


boundaries  and  the  fine  grains  having  sizes  of  3-5 
microns  and  located  along  boundaries.  The  sizes  of 
fine  grains  practically  do  not  depend  on  a  site  in  a 
material.  The  sizes  of  large  grains  grow  at  moving 
from  a  surface  to  the  centre  of  a  core.  As  it  was 
marked  above,  the  zone  structure  of  armature 
depends  on  the  heat  treatment.  The  analysis  of  grain 
structures  of  the  central  area  of  samples  of  big 
diameters  show  that  at  thermal  hardening  the  given 
area  has  ferrito-pearlite  structure. 

The  ferrite  (C  solid  solution  in  a  crystal  lattice  of  a- 
iron)  has  some  morphological  versions  owing  to  the 
various  speed  of  cooling  of  a  core  from  temperature 
of  rolling. 

The  structure  formed  on  martensitic  mechanism.  On 
morphological  type  the  given  type  concerns  to  the 
massive  matrensite.  It  represents  the  crystals  of  a- 
iron  parallel  located  to  each  other.  The  average 
cross  sizes  of  crystals  are  1,5-2  microns.  In  one 
pack  it  is  totaled  up  to  20  soparalleled  crystals 
having  the  form  of  strips.  Packages  laying  by  a  line 
are  disordered  from  each  other  and  therefore  divide 
an  initial  grain  of  ferrite  into  some  areas.  In  one 
grain  it  may  be  totaled  on  speed  of  cooling  of  a 
material  at  training  up  to  several  tens  packages.  The 
average  sizes  of  packages  are  the  units  of 
micrometers. 

The  bainite  structure  is  close  to  structure  of  the 
above  described  martensite  according  the 
mechanism  of  formation  and  to  morphological 
attributes.  The  bainite  has  the  form  of  crystals 
(lenses)  having  units  of  microns  in  cross  sizes  the 
longitudinal  -  the  tens  of  microns.  The  bainite 
structure  is  formed  at  the  higher  temperatures  than 
the  martensite.  The  mechanism  of  the  bainite 
formation  is  the  diffusion-shift.  It  results,  in  the 
precipitation  the  Fe3C  carbide  particles  in  them  and 
in  -  the  formation  of  the  defect  (dislocation) 
substructures.  The  density  of  dislocations  in  the 
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bainite  crystals  is  lower,  than  in  the  martensite  and 
equals  to  2-3xl010cm2.  The  deformation  strength  of 
the  bainite  should  be  lower  than  the  martensitic 
layer. 

The  pearlite  structure  is  the  other  type  of  the 
structures  observed  in  researched  steel.  The  colony 
of  pearlite  (block  of  pearlite)  represents  the  ferrite 
grain  with  the  ordered  cementite  particles  located  in 
it.  In  the  central  zone  there  are  sites  of  lamellar 
pearlite,  globular  pearlite.  In  the  researched  steel  the 
grains  of  ferrite,  free  from  cementite  precipitates  are 
observed.  In  this  case  the  ferrite  grain  has  not 
defects,  the  particles  of  cementite  as  spheres  or 
layers  settle  down  in  a  joint  of  boundaries  or  along 
boundaries  of  a  grain. 

Undoubtedly,  that  the  central  part  of  a  sample  was 
expoced  to  softer  processing,  than  its  surface.  The 
sizes  of  particles  cementite  on  boundaries  of 
crystals  a-phase  grow  and  far  range  fields  of  stresses 
decrease  from  the  surface.  Behavior  of  the  size  of 
grains,  density  of  dislocations  and  of  some  other 
structural  and  mechanical  characteristics  are  not 
monotonously.  The  martensite  component  has  the 
highest,  and  bottom  bainite  has  the  least  strength  to 
deformation.  Such  pearlite  and  the  top  bainite  have 
the  similar  properties. 


The  different  structure  of  the  investigated  samples 
of  armature  steel  along  the  section  is  caused  by  the 
action  of  the  various  mechanisms  of  fracture  and 
leads  to  the  formation  of  various  structures  of  a 
failure.  At  the  section  there  are  zones  with  the 
various  mechanisms  of  the  failure.  The  external 
martensite  layer  shows  the  mixed  surface  of  a 
fracture.  The  character  of  the  fracture  in  an  external 
layer  is  anisotropic  one. 

It  is  possible  to  investigate  in  more  details  a  picture 
of  fracture  on  samples  cut  out  from  the  separate 
layers.  The  martensite  fracture  has  basically  the 
viscous  character.  The  mixed  fracture  is  observed  in 
bainite  structure.  Thus,  from  the  point  of  view  of  the 
fracture  physics  the  steel  armature  failure  as  a  whole 
and  the  samples  which  have  been  cut  out  from 
separate  layers,  show  a  similar  picture. 
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FORMATION  PROCESSES  DURING  SELF-PROPAGATING  HIGH- 
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Results  of  investigation  of  phase  formation 
peculiarities  during  self-propagating  high- 
temperature  synthesis  of  barium  hexaferrite  with 
preliminary  mechanical  activation  of  charge 
mixture  are  presented. 

Mechanical  treatment  of  reaction  mixture 
(Ba02+2,4Fe203+4,8Fe)  was  carried  out  in  an 
attritor  at  ball-powder  ratio  of  25:1  and  450  rpm 
using  ethyl  alcohol  as  a  milling  media. 

Relative  importance  of  specific  surface  area  and 
crystal  structure  defects  on  reaction  capacity  of 
charge  mixture  and  conversion  degree  is  discussed. 

Dependence  of  specific  surface  area  of  charge 
mixture  on  the  time  of  its  treatment  in  an  attritor  is 
not  monotonous.  Its  increase  is  connected  with 
prevailing  of  milling  and  deformation,  and 
reduction  -  with  agglomeration  of  powder 
particles.  Significant  increase  of  specific  surface 
area  on  the  first  treatment  stage  (within  the  first  90 
minutes)  is  a  result  of  intensive  milling  of  brittle 
Fe203  oxides.  The  following  growth  of  specific 
surface  area  with  increase  of  treatment  time  up  to  2 
hours  is  mainly  due  to  plastic  deformation  and 
development  of  iron  particles  surface.  Abrupt 
reduction  of  specific  surface  area  resulted  from 
development  of  agglomeration  processes  takes 
place  after  2  hours  of  treatment. 

Comparative  analysis  of  X-ray  diffraction  patterns 
after  mechanical  activation  did  not  reveal 
monotonous  accumulation  of  defects  within  the 
crystal  volume.  Non-systematic  variations  of 
shape,  angle  positions  and  width  of  reflections,  as 
well  as  full  scale,  with  the  increase  of  activation 
time,  prove  of  periodical  appearing  and 
annihilation  of  crystal  structure  defects.  Changing 
of  diffraction  pattern  parameters,  depending  on  the 
treatment  time,  is  complex  describing  many 
processes  in  operation  and  their  mismatching  in 
time.  At  the  same  time  the  most  significant 
changes  are  observed  for  the  full  scales  and  angle 
positions  of  main  reflections,  while  character  of 
variations  of  the  last  is  the  same  for  all  the  phases, 


despite  differences  in  their  nature  (brittle  Fe203 
and  ductile  Fe).  These  changes  characterize  atomic 
offsets  on  the  surface,  disordering  as  well  as 
adsorption  and  dissolution  of  the  impurities. 
Maximum  concentration  of  these  defects  is  reached 
for  the  2  hours’  activation  (minimum  full  scale  and 
minimum  reflections  angle  positions),  which 
correlates  well  to  the  maximum  value  of  specific 
surface  area,  achieved  at  this  mode. 

The  SHS  process  is  driven  by  the  oxidation  of  iron 
metal  from  Fe  (0)  to  Fe  (m)  in  BaFei2Oi9.  That  is 
why  fine  crystal  structure  parameters  of  iron  were 
investigated  in  detail.  It  should  be  noted  that 
integral  width  of  alpha-iron  lines  in  the  non- 
activated  mixture  is  bigger  comparing  to 
mechanically  treated  powder  mixtures.  Apparently, 
it  is  connected  with  partial  annealing  of  defects  and 
some  interaction  between  components  of  charge 
mixture  during  activation.  It  is  obviously,  from 
comparing  values  of  physical  broadening,  effective 
size  of  crystallites  (Deff.  according  to  Selyakov), 
relative  average-square  micro-deformations  of  the 
lattice  (micro-strains)  and  lattice  parameter  of  a- 
Fe,  that  narrowing  of  the  lines  for  the  2  hours’ 
activation  mode  is  generally  connected  with  the 
increase  of  Deff.  at  insignificant  growth  of  micro¬ 
strains.  It  can  be  connected  with  oxygen  adsorption 
on  the  iron  particle  surface  and  formation  of  Fe- 
FeO  solid  solution.  Narrowing  of  the  lines  for  the  3 
hours’  activation  is  mostly  due  to  an  abrupt 
removal  of  micro-strains  resulted  primarily  from 
precipitation  of  fine  inclusions  of  interaction 
products  out  of  alpha-iron  based  solid  solution. 
These  speculations  accord  well  with  phase 
composition  investigations. 

According  to  the  results  of  X-ray  analysis,  phase 
composition  of  charge  mixture  is  very  close  to  the 
specified  but  even  during  mixing  (without 
activation)  a  slight  interaction  between  the 
components  is  observed.  The  main  interaction 
product  is  a  non-equilibrium  compound  with 
hexagonal  structure,  which  composition 
corresponds  to  Ba3Fe320si  formula.  Structure  of 
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this  composition  is  close  to  barium  hexaferrite,  the 
difference  is  just  in  shortage  of  molecules  of  iron 
oxide  (Ba0-5,3Fe203).  Mechanical  activation  of 
the  charge  mixture  enables  to  increase  significantly 
relative  concentration  of  non-equilibrium 
hexagonal  phase  from  2-3%  up  to  10-13%,  with 
abrupt  growth  for  3  hour’s  treatment. 

A  synthesis  product  is  a  sinter  of  homogeneous 
composition  with  grain  size  less  than  1  mkm.  In 
accordance  with  X-ray  analysis,  the  product 
consists  of  the  following  phases  (in  the  order  of 
their  importance). 

The  main  phase  formed  during  combustion  is 
Fe304  based  solid  solution  with  magnetite  structure 
and  slightly  lowered  crystal  lattice  parameters  a 
and  d.  The  last  feature  can  be  connected  with 
imperfection  of  its  structure,  formed  in  non¬ 
equilibrium  conditions.  The  total  content  of  this 
phase  is  about  15-30%. 

The  second  phase,  typical  for  the  synthesis 
product,  produced  from  mechanically  activated 
mixtures,  is  Ba3Fe3205I.  Its  content  depending  on 
the  treatment  time  can  vary  within  3-17%.  This 
composition  is  characterized  by  the  low  stability. 
When  following  heating  the  product  within 
temperature  range  of  600-800°C,  percentage  of  this 
phase  reduces  after  minor  holding.  At  the  same 
time  amorphous  halo  of  hexagonal  structure  is 
observed. 

The  synthesis  product  also  contains  some 
BaFei2019  in  amorphous-crystal  state.  It  is  not 
identified  by  X-ray-analysis,  as  it  is  difficult  to 
determine  halo  from  not  very  intense  phase  against 
significantly  broadened  lines  of  the  other  phases. 
Nevertheless,  presence  of  amorphous-crystal 
barium  hexaferrite  in  the  synthesis  product  is 
proved  by  transmission  electron  microscopy. 

It  should  be  noted  that  content  of  BaFe204  that  is 
the  main  intermediate  phase  in  other  processes  of 
barium  hexafemte  production  in  this  case  is  not 
more  than  10%,  and  its  maximum  percentage  is 
obtained  for  a  non-activated  charge  mixture. 

Finally,  the  SHS  product  can  contain  up  to  8%  of 
FeO  and  up  to  10%  of  other  intermediate 
compounds  of  Ba-Fe-0  system,  in  particular 
BaFeo,72Fe0,2s02,64;  BaFeCbs;  BaFe02  78  and  others, 
proving  stage  mechanism  of  barium  hexaferrite 
formation,  and  also  some  quantity  of  non-reacted 
initial  components,  which,  nevertheless,  are 
uniformly  distributed  within  the  material  volume  in 
such  a  way  that  the  synthesis  product  is 


characterized  by  high  composition  homogeneity 
and  quickly  transforms  into  a  one-phase  hexaferrite 
during  the  following  heating. 

To  generalize  the  achieved  results,  the  following 
important  moments  can  be  mentioned. 

Mechanical  and  chemical  transformations  taking 
place  during  preliminary  mechanical  treatment  of 
charge  mixture  significantly  influence  the 
processes  of  structure-  and  phase-formation  during 
SHS. 

Generally,  the  product  of  mechanically  activated 
systems  synthesis  is  characterized  with  more  fine 
and  homogeneous  structure  and  contains  more 
hexagonal  phase  than  product  of  a  non-activated 
mixture. 

Influence  of  mechanical  activation  on  the  phase- 
formation  mechanism  is  obviously  connected  with 
formation  of  active  centers,  which  are  at  the  same 
time  centers  of  adsorption.  These  centers  can  be 
disordered  clusters  of  Fe  (U)  atoms.  As  the 
development  of  specific  surface  area  during 
activation  results  in  an  increase  of  a  number  of 
broken  bonds,  density  of  active  centers  regarding 
to  oxygen  also  increases.  When  achieving  a  certain 
value  of  specific  surface  area,  abrupt 
intensification  of  oxidation  of  plastically  deformed 
iron  with  air  oxygen  adsorbed  on  the  active  centers 
takes  place.  An  experimental  evidence  of  a 
possibility  of  oxidation  of  alpha-iron  to  hematite 
(Fe203)  is  shown.  Besides,  oxygen  dissolution  in 
the  deformed  iron  is  more  than  a  number  of 
magnitudes  higher  than  in  the  cast  one,  resulting  in 
increase  of  output  of  synthesized  ferrites. 

Apart  from  that,  in  the  result  of  solid-phase 
reactions  and  local  melting  taking  place  during 
mechanical  treatment  of  reaction  mixture,  some 
content  of  non-equilibrium  compounds  of  BaO- 
xFe203,  BaO-Fei.xO  and  BaOxFeOyFe203  types 
form,  promoting  further  crystallization  of  ferrites 
with  magnetoplumbite  structure. 

At  quite  a  high  degree  of  disordering  of  initial 
components  structures  an  amorphous-crystal 
barium  hexaferrite  can  be  formed. 

A  summarized  scheme  of  possible  reaction 
pathways  is  discussed. 

The  work  was  carried  out  under  the  support  of 
Belorussian  Republican  Fund  of  Fundamental 
Research  (Joint  Russian-Belorussian  Program, 
grant  X99P-120). 
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SOME  FEATURES  OF  FORMING  THE  DETONATION  COATINGS  VK-15 
IN  ROTOR  PARTS  OF  HIGH-DUTY  GTES 
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Experience  gained  in  the  field  of  domestic  and 
foreign  GTEs  service  showed  that  their  character¬ 
istics  are  deteriorated  as  time  period  to  the  first 
failure  increases.  One  of  the  causes  of  such  dete¬ 
rioration  of  GTE  characteristics  is  the  ever- 
increasing  wear  of  parts,  especially  most  vital 
parts  such  as  the  compressor  blades  and  the  tur¬ 
bine.  To  avoid  autooscillations  and  ruptures,  the 
compressor  fan  blades  are  equipped  with  the  an¬ 
tivibration  flanges  that  wear  out  in  service  due  to 
constant  contact  in-between.  To  eliminate  this 
wear-out,  the  compact  powder  VK-15  is  sprayed 
on  the  flanges  using  thereby  the  method  of  deto¬ 
nation-gas  spraying. 

Service  of  GTEs  with  operational  age  of  up  to 
2000  hours  showed  that  the  detonation  coatings 
VK-15  provide  sufficient  resistance  to  wear  and 
do  not  influence  on  the  mechanical  characteristics 
of  the  metal  the  blades  are  made  of.  In  most  part 
of  GTEs  the  fan  blades  are  manufactured  from 
titanium  alloys.  Nonetheless,  in  practice  a  large 
number  of  blades  with  traces  of  wear,  spallation 
of  coatings  is  revealed  as  the  time  period  of  serv¬ 
ice  increases;  with  increase  of  operational  age  of 
up  to  more  than  1500  hours,  one  reveals  very  of¬ 
ten  the  blades  with  fatigue  breakdown  of  flanges; 
the  site  of  origin  for  such  failures  is  at  the  “metal 
base-coating”  boundary. 

In  the  course  of  studies,  we  have  established  that 
the  detonation  coatings  diminish  the  fatigue  re¬ 
sistance  of  titanium  alloys  by  40-60%  deteriorat¬ 
ing  simultaneously  the  base  plasticity.  Adhesion 
of  coatings  reached  its  maximum  value  of  120- 
160  MPa.  Microhardness  of  coatings  was  also 
maximal.  A  decrease  of  adhesion  value  gave  rise 
to  fatigue  resistance  and  plasticity  in  specimens 
made  of  titanium  alloys.  To  provide  the  reliable 
serviceability  of  detonation  coatings  on  GTE  fan 
blades,  it  is  necessary  to  ensure  optimal  relations 
between  adhesion  and  strength-  and  plastic  prop¬ 
erties  of  coatings.  The  above-mentioned  charac¬ 
teristics  are  specified  by  temperature  and  kinetic 
parameters  of  detonation  products.  As  compared 
with  conventional  powders,  with  increase  of  tem¬ 
perature  and  velocity  of  detonation  products  ef¬ 


flux,  the  coatings  undergo  significant  structural 
and  phase  changes;  most  part  of  carbon  is  being 
lost  and  we  observe  brittle  rj-phase  and  intermet- 
allides;  free  binding  cobalt  is  fully  absent.  In  the 
course  of  studies  we  revealed  that  there  occurs  the 
maximum  possible  deterioration  of  fatigue  resis¬ 
tance  in  the  base,  and  also  in  the  strength  and 
plastic  characteristics  of  coatings;  structure  of  a 
coating  is  inhomogenuous. 

Decrease  of  temperature  and  efflux  velocity  of 
detonation  products  that  heat  up  and  accelerate  the 
sprayed  particles  results  in  an  increase  of  fatigue 
resistance  and  plasticity;  the  structure  of  coatings 
becomes  more  unifonn  and  the  phase  composition 
also  undergoes  significant  changes,  that  is,  the 
content  of  tungsten  carbide  and  free  cobalt  in¬ 
creases,  while  the  number  of  brittle  phases  de¬ 
creases.  Improvement  of  fatigue  and  plastic  char¬ 
acteristics  of  a  coating  takes  place  to  the  largest 
degree  when  adhesion  reaches  its  value  of  50-60 
MPa;  during  fatigue  tests  we  observe  however  the 
exfoliation  of  coatings. 

Wear  resistance  of  coatings  is  influenced  signifi¬ 
cantly  by  regimes  of  detonation-gas  spraying. 
Maximal  wear  resistance,  and,  hence,  GTE  serv¬ 
ice  life,  is  observed  when  adhesion  reaches  its 
value  of  50-60  MPa.  The  optimal  spraying  regime 
is  specified  thus  by  the  conditions  at  which  the 
blades  operate.  The  coatings  that  operate  at  heavy- 
duty  conditions  of  fretting  corrosion  and  cyclic 
loads  on  the  fan  blades  must  be  sufficiently  plas¬ 
tic,  and  capable  to  relax  stresses  appearing  due  to 
external  loads.  For  this  reason,  the  regimes  of 
coatings  spraying  must  provide  their  maximal 
plastic  properties  even  at  the  sacrifice  of  cohesive 
(between  particles)  and  adhesive  (between  the 
coating  and  base)  strength  of  bonds.  So,  it  is  nec¬ 
essary  to  classify  the  technological  regimes  of 
detonation  spraying  using  as  the  base  the  tem¬ 
perature  and  kinetic  parameters  of  detonation 
products.  In  this  connection,  we  divided  the  re¬ 
gimes  of  detonation  spraying  into  “soft”, 
“moderate”,  and  “severe”  regimes. 
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At  “soft’'  regimes  when  deformation  of  sprayed 
particles  and  force  of  their  collision  with  the  base 
are  sufficiently  low,  the  number  of  structure  de¬ 
fects  in  a  coating  is  smaller  as  compared  with  that 
obtained  at  other  regimes.  Nonetheless,  the  insuf¬ 
ficient  adhesive  and  cohesive  bonds  may  result  in 
coatings  exfoliation  and  fragmentary  failures  at 
when  coatings  are  used  at  heavy-duty  conditions 
(fretting  corrosion,  tension,  bending,  and  fatigue). 
At  “severe”  regimes  (when  the  temperature  and 
kinetic  parameters  of  detonation  products  arc 
maximal  in  magnitude),  there  develop  active  pro¬ 
cesses  of  plastic  component  deformation  that  ac¬ 
company  by  its  break-up.  At  interparticle  and 
interlayer  boundaries,  a  great  number  of  hydro¬ 
carbon  and  oxide  inclusions  is  observed;  they 
make  coating  brittle  and  decrease  the  plasticity  of 
the  system  as  a  whole.  Intensive  structural  and 
phase  transformations  at  “severe”  spraying  re¬ 
gimes  give  rise  to  high  internal  stresses;  very  of¬ 
ten,  longitudinal  and  lateral  cracks  (concentrators 
of  stresses  and  sources  of  failures)  are  being 
formed.  These  coatings  are  distinguished  by  high 
adhesion  and  hardness,  low  plasticity,  wear  resis¬ 
tance,  cyclic  strength,  and  resistance  to  crack  for¬ 
mation. 

Most  preferable  seem  to  be  “moderate”  regimes; 
they  ensure  coatings  with  reasonable  properties 
that  make  it  possible  to  withstand  effectively  to 


the  action  of  external  loads.  The  structure  and 
phase  composition  of  such  coatings  occupy  inter¬ 
mediate  position,  since  the  number  of  defects  in 
them  is  larger  than  that  obtained  at  “soft”  regimes: 
at  the  same  time,  adhesion  increases  in  magnitude. 
As  to  the  “moderate”  regime  that  makes  it  possi¬ 
ble  to  create  qualitative  coatings,  it  is  character¬ 
ized  by  rather  narrow  range  of  temperature  and 
kinetic  parameters.  Most  stringent  requirements 
are  imposed  on  gas  mixture  composition,  spraying 
distance,  position  of  powder  cloud,  and  the  degree 
of  filling-in  the  pistol  gun  bore  by  working  gases. 

Long-term  tests  of  heavy-duty  GTEs  and  their 
service  showed  that  detonation  coatings  created  at 
“moderate”  regimes  make  it  possible  to  ensure  the 
proper  GTE  operation. 

Based  on  the  results  of  the  herein-presented  stud¬ 
ies.  we  revealed  that  coatings,  that  suffer  for  a 
very  long  period  of  time  from  fretting  comosion 
and  cyclic  loads  that  are  inherent  to  operating 
conditions  of  GTE  fan  blades,  must  be  sufficiently 
plastic  and  capable  to  relax  stresses  appearing  due 
to  external  loads  even  at  the  sacrifice  of  decrease 
in  adhesion  and  cohesion  links.  The  “moderate” 
regime  meets  all  these  conditions  and  require¬ 
ments  to  the  largest  degree.  The  long-term  test- 
bench  tests  and  service  have  confirmed  the  reli¬ 
ability  of  the  results  obtained. 
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DENTAL  IMPLANTS  FABRICATED  BY  SELECTIVE  LASER  PROCESSING 

OF  TITANIUM  POWDERS 

Tolochko  N.K.,  Savich  V.V.(1),  Artushkevich  A.S.(2),  Laoui  T.(3),  Froyen  L.(4),  Kruth  J.-P.(4), 

Onofrio  G.(S),  Signorelli  E.(S) 

Institute  of  Technical  Acoustics,  NASB,  Vitebsk,  Belarus 

(I)Powder  Metallurgy  Research  Institute,  NASB,  Minsk,  Belarus 

(2)Belarusian  Institute  for  Postgraduate  Medical  Education,  Minsk,  Belarus 

(3)University  of  Wolverhampton,  Wolverhampton,  United  Kingdom 
^Department  of  Metallurgy  &  Materials  Engineering,  K.U.  Leuven,  Leuven,  Belgium 
(5)Istituto  per  la  Technologia  dei  Materiali  e  dei  Processi  Energetici,  Milano,  Italy 


Tooth's  root  implants  used  in  dentistry  must 
correspond  to  natural  dental  roots  by  their  shape. 
In  this  case  it  is  possible  to  carry  out  the  so-called 
«direct»  implantation.  Besides  the  implants  must 
posses  a  rough  surface  with  macroscopic  grooves 
and  threads  or  a  porous  surface.  Thus,  the  primary 
mechanical  retention  of  the  implants  is  provided 
and  sufficient  bone  in-growth  is  ensured  for 
subsequent  mechanical  stabilisation.  Moreover, 
the  implants  must  have  a  dense  core  in  order  to 
provide  the  strong  mechanical  joint  between 
dental  root  implant  and  dental  crown  implant. 
However,  the  implants  manufactured  traditionally 
of  Ti  or  Ti-alloys  by  machining,  casting  or 
powder  metallurgy  have  as  a  rule  a  homogeneous 
(dense  or  porous)  structure.  Using  these  methods, 
it  is  difficult  or  impossible  at  all  to  fabricate 
implants  with  a  graded  structure  possessing  a 
comparatively  high  porosity  at  the  surface  and  a 
high  density  in  the  core.  The  aim  of  this  study  is 
to  investigate  the  possibility  of  producing  dental 
root  implants,  which  almost  correspond  to  natural 
dental  roots  by  their  geometrical,  structural  and 
mechanical  characteristics.  To  achieve  this  aim,  a 
novel  processing  approach  based  on  the  combined 
Selective  Laser  Sintering  (SLS)  and  Selective 
Laser  Melting  (SLM)  of  Ti  powders  was 
suggested  [1,2].  Some  physical  regularities  and 
mechanisms  of  the  processes  formed  the  basis  for 
the  methods  developed  were  investigated  before 
[3-6]. 

The  test  specimens  of  tooth’s  root  implants  were 
fabricated  by  selective  laser  processing  of  Ti 
powders.  In  different  experiments  the  powders 
consisted  of  160-200,  200-315  or  315-400  pm 
spherical  particles  and  160-315  pm  shapeless 
particles.  Nd:YAG  laser  was  used  in  the  study. 
New  technical  approaches  to  produce  the  implants 
were  suggested.  These  are:  (a)  depositing  the 
powder  in  small  discrete  portions  using  special 
feeding  systems  in  which  the  powder  flow  is 


initiated  by  means  of  vibration;  (b)  processing  the 
powder  layers  deposited  by  motionless  collimated 
beam  uninterruptedly  (during  all  the  process  of 
powder  deposition);  (c)  varying  the  powder 
layers’  thickness  as  well  as  laser  radiation 
parameters  in  the  course  of  the  process.  The 
experiments  have  been  shown  that  both  SLS  and 
SLM  processes  can  take  place  depending  on  the 
energetic  contribution  of  laser  radiation. 

The  samples  obtained  had  a  rod  shape  with  15-20 
mm  in  height  and  5-9  mm  in  diameter.  The 
diameter  of  the  sample  varied  by  changing  the 
processing  parameters.  The  structure  of  the 
implant  processed  by  SLS/SLM  consisted  of  two 
different  zones:  a  core  having  a  molten  compact 
structure  (porosity  0-5%)  and  a  shell  having  a 
sintered  porous  structure  (porosity  40-45%  and 
pores’  size  100-200  pm)  (Figure  1).  The 
dimensions"^  both  porous  and  melted  zones  can 
be  modified  and  increased  by  increasing  the  laser 
radiation  power.  In  general,  the  porous  zone  has  a 
rather  homogeneous  structure  with  a  uniform 
density. 

Figure  1 .  Sintered/remelted  structure  of  rod  (cross 


section).  Rod  diameter  is  about  7.5  mm 


Due  to  varying  the  processing  conditions  it  was 
possible  to  fabricate  the  samples  correspond  to 
alveolus  in  shape  (Figure  2).  Under  certain 
processing  conditions,  it  was  possible  to  achieve 
and  exceed  the  threshold  compression  force  of 
1000  N  for  the  part  processed  by  laser  processing 
(the  maximum  value  of  real  force  for  food 
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fragmentation  equal  to  323  N).  A  further  post¬ 
sintering  of  the  laser-processed  samples  (e.g.  a 
heat  treatment  in  a  furnace)  resulted  in  the 
improvement  of  their  characteristics. 


Figure  2.  Fresh  dead  body  sample  of  lower  jaw  with 
natural  tooth,  alveolus  without  tooth  and  dental  root 
implant  (test  sample)  put  into  alveolus  (on  the  left)  (X- 
ray  photograph) 

Dental  implant  surgery  was  performed  along  with 
local  anesthesia.  The  implant  was  placed  in  the 
dog  jaw  using  a  gentle  surgical  technique.  The 
one  stage  implanting  technique  was  used.  One 
stage  implants  were  placed  such  that  the  implant 
was  exposed  at  all  times  after  surgery.  Implants 
required  the  expertise  of  two  distinct  dental 
professional,  an  oral  and  maxillofacial  surgeon 
and  the  restoring  dentist.  The  two  worked  together 
to  customize  the  dental  implant,  treatment 
program.  The  standard  clinical  3  months  in  vivo 
investigations  as  applied  to  the  dogs  (at  the  age  of 
-  6  years  and  weighing  -20  kg)  showed  the 
following  results:  all  the  cross  sectional 
specimens  possessed  the  advanced  osseous 
structure  with  a  conically  spread  bone  plates  and 
osteons  (haversian  systems).  There  were  observed 
oriented  advanced  bone  bridges  along  all  the 
bone-implant  interfaces  as  well  as  inside  the 
porous  implants’  structures  (Figure  3).  Neither 
inflammation  nor  dcgenerative/dissolving  tissue 
changes  were  observed  at  the  interface  thus 
proving  the  high  rate  of  the  implant 
biocompatibility. 

Thus,  the  experimental  results  obtained  in  the 
present  study  demonstrate  clearly  the  feasibility  of 
producing  dental  root  implants  with  required 
operating  properties  by  selective  laser  processing 
of  Ti  powders. 


Figure  3.  Cross-section  of  bone  tissue  with  porous 
titanium  implant; "50  (a)  implant  globules;  (b)  boundary 
zone;  (c)  inter-globule 
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Development  of  modem  techniques  is  impossible 
without  development  and  perfection  of  the 
technology  of  ceramic  materials.  However,  high 
sensibility  of  these  materials  to  stress 
microconcentrators  as  well  as  hard-controlled 
process  of  failure  is  impediment  for  large 
application.  At  the  same  time,  the  greatest 
achievement  of  the  materials  science  in  last  few 
decades  is  a  creation  and  application  in  technique 
the  materials  of  a  new  class-composites.  Modem 
composites,  among  them  Composite  Ceramic 
Materials  (CCM),  play  important  role  not  only  in 
civil  industry,  but  also  in  construction  of  different 
kinds  of  ammunition  and  military  techniques, 
especially  in  space  and  aircraft  branches,  in  armor 
productions,  etc.  All  the  above  mentioned  is  a  great 
encouragement  for  fast  development  of  the  so 
called  "ceramic-technology".  One  of  the  most 
perspective  and  effective  methods  to  obtain 
complex  CCM  is  a  technology  of  Self- 
propagating  High-temperature  Syntheses 
(SHS),  which  is  based  on  a  principle  of  maximum 
use  of  chemical  energy  of  the  reacting  systems. 
Because  of  high  temperatures  and  high  speed  of 
chemical  transformation,  SHS  is  attributed  to 
extremal  technologies;  the  final  products 
advantageously  differ  from  their  traditional 
analogs  by  high  values  of  physical-mechanical 
properties  and  other  exploitation 
characteristics.  [  1 ,2] 

In  the  present  article  are  given  the  results  of  long¬ 
term  scientific  technological  investigations  of 
SHS-syntheses  of  complex  three-,  four-,  five- 
component  composites.  A  whole  group  of  a  new 
CCM  with  phase  constituents  of  refractory 
compounds  TiB2,  TiC,  A1203,  B4C,  CaB6,  SiC  and 
etc., and  metals  Ti,  Cu,  Ni,  Co  and  their  compounds 
NiAl,  TiN,  TiOOOOONi,  Ti-Al  was  synthesized. 

New  materials  were  obtained  in  the  form  of: 

a)  composite  powders; 

b)  composite  consolidates  materials; 

c)  layered  or  functional  -  gradient  materials 
(FGM). 


Where: 

1. Powder  CCM  were  obtained  from  refractory 
compounds  of  B4C,  TiB2,  A1203,  SiC,  TiC  of 
different  dispersion  (5-100mkm). 

2. One  layered  CCM,  with  phase  constituents  of 
B4C,  TiB2,  A1203,  SiC,  TiC  and  etc.  constructed  so 
that  a  structure  of  material  could  provide  the  given 
level  of  physical-mechanical  properties. 

3.  Layered  CCM  were  constructed  by  the  following 
structural  scheme: 

first  layer  -  CCM  from  B4C,  TiB2,  A1203,  SiC, 
TiC,  Cu,  Ni,  Ti  and  etc.; 

transition  layer  from  exothermic  or  inert 

mixture; 

second  layer  -  metal-ceramic  TiB2-Ti,  TiC-Ti, 
TiAl,  NiAl  and  etc; 

transition  layer  from  exothermic  or  inert 

mixture; 

third  layer  -  metals  Ti,  Cu,  Ni  and  etc. 

4. FGM  were  constructed: 

-  with  symmetric  distribution  of  the  bunch.  Tne 
FGM  surface  is  from  B4C,  TiB2,  A1203,  SiC,  TiC 
and  etc;  back  layer  -  metals:  Cu,  Ni,  Co,  Ti  and 
compounds:  TiNi,  Ni-Al,  Ti-Al.  Concentration  of 
metal  changes  smoothly  from  surface  to  the  other 
side.  On  the  boundary  of  layered  composites: 
composite  ceramics,  metal-ceramic,  pressed  by 
SHS  -compacting  method,  the  main  factors,  which 
define  good  cohesion,  are  metal  layers,  composed 
of  Ni,  Al,  Fe,  Co,  Ti  compounds  in  various 
combinations.  On  boundaries  occur  stress 
relaxations,  caused  by  difference  in  CTE  of  phase 
constituents  of  ceramic  and  metal-ceramic  layers. 
Structures  of  some  compositions  are  given  below: 
TiC-TiB2-Al203; 

B4C-  TiC-  A1203; 

SiC-  TiC-  TiB2  •  A1203; 

B4C  -SiC  •  Al203-NiAl; 

SiC-  TiB2-  A1203-TiA1; 

TiC-  -A1203-NiCo; 

B4C  •  TiB2  ■  Al203-Co;Cu;Ni; 

TiB2-  CaB6-  Al203-Fe;Ni;Co; 

In  SHS-compacted  samples  could  be 
largely  changed  characteristics  of : 

macrostructure-distribution  of 

composition,  macroscopic  defects; 
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microstructures  -  relative  position  of 
phases  and  structures,  grain  structure; 

crystal  structure-defectiveness,  type  and 
parameters  of  crystal  lattice. 

The  concentration  of  phase  constituents  in  above 
mentioned  compositions  may  be  changed  over  a 
wide  range. 

Scientific  and  technological  bases  of 
"construction"  of  materials  with  advanced  complex 
of  physical-mechanical  properties  were  elaborated. 
This  was  achieved  by  "construction"  of  composite 
structure  from  refractory  compound,  metals  and 
alloys,  using  correlation  dependencies  of  the 
"technology-structure -property"  and  distinctive 
features  of  technological  character. 

Synthesized  powders,  layered  composites  and  FG- 
materials  have  better  technological,  economic  and 
qualitative  characteristics  than  their  traditional 
analogs. 

This  was  achieved  by: 

a)  composition  building  of  micro-,  as  well  as 
macrostructure  of  multi-phase  materials; 

b)  realization  of  the  SHS-technology  advantages, 
such  as:  small  energetic  expenditures,  high 
speed  and  extremity  of  the  process,  which 
provide  good  conditions  for  the  formation  of 
microstructure,  simplicity  of  technological 
equipment,  one-staginess  of  the  article 
manufacturing  process. [3] 

For  synthesized  materials  correlation  dependencies 
between  parameters  of  initial  burden,  burning 
parameters  and  compacting  were  determined. 
Physical  properties  and  structure  of  powder 
compositions;  structure,  morphology  and  phase 
composition  of  SHS  -compacted  layered 
composites  of  COM,  metal  and  functional  gradient 
materials  were  investigated. [4] 

Physical-mechanical  properties  (hardness,  strength, 
crack  resistance,  density  distribution)  of  these 
materials  were  investigated. 

Some  physical-mechanical  characteristics  of 
composites: 

modulus  of  elasticity  -  350-430  MPa 
-  hardness  of  phase  constituents  -  200- 
4800  kg/mm2 

coefficient  of  failure  viscosity  -10  +13  MPa 

fragile  strength  -  2,5  +4  GPa 

porosity  of  SHS-compacting  samples  -  3  -r6  % 


-  cutting  capacity -0,58  h-0, 96  gr/min. 

High  values  of  failure  power-consuming,  in 
particular,  coefficient  of  failure  viscosity  Klc, 
which  reaches  1  l-13MPam0,5  are  provided  by 
formation  matrix  type  structure,  during  the 
syntheses  of  composite  ceramic,  strengthened 
phases,  which  in  its  turn  provide  effective  braking 
action  of  a  crack  with  dispersive  elements  of  the 
structure  and  internal  stresses,  caused  by 
differences  of  coefficients  of  Thermal 
Expansion(CTE)  of  phase  components  in  fine¬ 
grained  medium. 

Possible  areas  of  application  of  SHS-composite 
materials  may  become: 

-for  powder  CCM-abrasives,  abrasive  pastes  and 
tools,  initial  material  for  plating  manufacturing  of 
tool  and  constructive  ceramic  by  hot  -  pressing  and 
hot  isostatic  pressing  methods; 

-for  layer  CCM,  layered  and  FG-composite 
materials-heatproof  and  armor  materials  for 
aircrafts,  materials  for  cutting  tools,  tribotechnique, 
constructive  materials  for  new  generation  engines, 
engineering  protection  of  banks  and  special 
transport  of  collections. 

Using  of  elaborated  compositions  and  technology 
of  their  manufacturing  must  considerably  increase 
exploitation  characteristics  of  the  articles,  at  the 
same  time  decreasing  their  cost  on  the  account  of 
low  powder  expenditure,  simplicity  of  high 
temperature  equipment  and  high-speed  of 
manufacture  process. 
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Due  to  their  unique  combination  of  properties, 
such  as  high  melting  point,  hardness,  thermal  and 
chemical  stability  metal-boron  refractory 
compounds  are  widely  applied  in  modem 
technique  [1-2].  Moreover,  these  compounds  can 
be  used  as  model  materials  for  a  number  of 
physical  investigations,  since,  for  example,  it  is 
possible  to  evaluate  the  influence  of  the 
construction  of  the  boron  sublattice  in  borides  with 
different  boron  content  -  MeB2,  MeB4,  MeB6, 
MeBi2  and  MeB66  phases  for  a  definite  metal  onto 
the  properties  of  these  materials.  On  the  other 
hand,  the  influence  of  a  nature  of  the  metallic  ion 
onto  the  properties  of  boride  phases  can  be 
evaluated  as  well. 

For  instance,  the  electrical  conductivity  of 
MeB6  phases  can  vary  form  the  values 
corresponding  to  an  insulator  (CaB6)  to  a  material 
with  a  typical  metallic  conductivity  (LaB6  and 
some  others).  The  hardness,  chemical  resistance  in 
boride  phases  usually  is  growing  with  boron 
content  increase. 

Recently,  after  the  discovering  of  comparati¬ 
vely  high  temperature  of  superconductivity  in  one 
of  the  long  before  known  magnesium  diboride,  the 
all  boride  phases,  particularly  not  very  widespread 
attracted  the  big  attention  of  scientists. 

From  this  point  of  view  a  big  interest  draw  the 
zirconium  dodecaboride,  ZrB]2.  This  phase  was 
synthesized  comparatively  long  ago,  but  the 
knowledge  related  to  its  properties,  apart  crystal 
structure,  up  today  is  very  limited  [3-6],  Moreover, 
there  are  very  much  contradictions  in  the  question 
of  the  temperature  range  of  its  existence  -  from 
very  large,  including  room  and  melting 
temperatures,  to  very  limited  one  [7-8].  Massalski 
presented  the  constitutional  diagram  of  Zr  -  B 
binary  system,  where  it  exists  only  between  1 696  - 
2082°C  and  has  peritectic  melting  character  [9]. 

The  fall  of  the  crystal  structure  of  ZrB12  to  the 
UB,2  type  permits  to  suppose  that  its  properties 
may  be  similar  to  such  interesting  compounds  as 
YbBi2,  UBi2,  REB12,  which  are  characterized  by 
unusual  fundamental  physical  features,  as  mixed 
valence,  heavy  fermions,  specific  magnetic 
transitions  etc. 

The  most  of  physical  properties  research 
demand  having  high  purity  and  perfect  structure 
samples.  Many  experiments  need  in  sufficiently 


large  single  crystals.  For  today  the  information 
about  producing  of  big  ZrBi2  single  crystals  is 
absent. 

In  the  present  work  for  the  first  there  was 
studied  the  possibility  to  obtain  sufficiently  large 
ZrB!2  single  crystals  using  induction  zone  melting 
method.  This  technology  successfully  was  applied 
for  many  boride  phases'  single  crystals.  Where  as 
this  method  may  be  realized  comparatively  easy 
for  congruent  melting  materials,  for  materials 
having  incongruent  melting  character  it  demands 
some  contrivances. 

The  source  ZrB12  was  prepared  by  different 
using  for  boride  synthesis  methods  -  by  synthesis 
from  metal  and  boron,  by  reducing  of  Zr02  with 
boron  or  boron  carbide,  from  the  mixture  of  ZrB2 
and  boron.  All  mixtures  were  heated  in  vacuum  at 
temperature  in  limits  1500  -  1600  °C  during  1 
hour.  In  all  cases  there  were  obtained  any  amount 
ZrB]2  simultaneously  with  ZrB2  and  boron.  The 
amount  of  ZrB!2  was  in  limits  50  -  95  %.  Obtained 
materials  were  subjected  to  crucibleless  zone 
induction  melting  in  argon  atmosphere.  The  most 
stable  melting  process  was  achieved  by  using  as  a 
source  material  the  zirconium  and  boron  mixture. 
It  is  interesting  to  note  that  just  this  material 
contained  after  sintering  less  ZrB12  phase  -  only 
near  50  %.  It  may  be  explained  by  the  combination 
of  zone  crystallization  and  flux  processes,  due  the 
excess  of  boron  in  material.  The  produced  rod  is 
shown  in  the  Figure.  It  has  diameter  near  6  mm 
and  up  to  40  mm  length. 

X-ray  diffraction  analyses  of  crushed  rod 
revealed  only  ZrBj2  phase  and  had  shown  the 
absence  of  any  additional  phases.  The  cell 
parameter  0.74072±5  nm  is  very  close  to  the 
known  value  (0.7408  nm  [4]).  The  measured 
specific  density  of  the  rod  is  3.60  gr/cm3,  which 
practically  coincide  with  the  computed  density. 
Metallographic  investigation  of  the  cross  section 
had  not  detected  any  grain  boundaries;  the  X-ray 
epigram  confirmed  that  obtained  rod  is  single 
crystalline. 

There  were  investigated  some  properties  of 
obtained  ZrB12  single  crystal.  The  microhardness  is 
36-38  GPa,  that  is  any  more  than  for  other  MeBI2 
phases.  The  elastic  module,  calculated  from 
measured  hypersonic  oscillations  along  the  rod  is 
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near  390  GPa,  that  gives  the  Debay  temperature 
1040  K. 


ZrB)2  single  crystal. 
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OBTAINING  OF  MONO-  AND  BIMETAL  DISPERSE  POWDERS  BY 
ELECTROLYSIS  AND  CEMENTATION 


Kuntv  OX,  Sribny  V.M.(1),  Minakova  R.V.(2),  Kozak  S.I. 

National  University  «Lviv  politechnik»,  Lviv,  Ukraine 
(1)  State  enterprise  «Argentum»,  Lviv,  Ukraine 
(2)  Frantsevich  Institute  for  Problems  of  Materials  Science  NAS  of  Ukraine,  Kyiv,  Ukraine 


The  authors  carried  out  works  on  obtaining  ,of 
highly  dispersed  mono-  and  bimetallic  powders  in 
the  aqueous  solutions  and  medium  of  aprotic 
solvents.  In  the  aqueous  solutions  it  is  investigated: 
1)  the  precipitation  of  monometallic  powders  by 
electrolysis  with  the  undissolved  anodes;  2)  the 
precipitation  of  monometallic  powders  by 
cementation  on  magnesium;  3)  the  electrochemical 
application  of  coatings  on  the  monometallic 
powders  with  obtaining  of  bimetallic;  4)  obtaining 
bimetallic  powders  by  cementation.  In  this  case 
possibility  of  using  of  recoverable  nonferrous  and 
noble  metals  (direction  1  and  2)  and  obtaining  the 
wide  spectrum  of  bimetallic  powders  (direction  3 
and  4)  was  studied;  5)  electrolysis  with  the 
precipitation  of  dispersed  powdered  metal  in  the 
aprotic  solvents  was  investigated. 

1 .  Electrolysis  with  the  insoluble  anodes  is  studied 
of  the  nickel  powder  precipitation  as  the  example. 
Accordingly  to  experimental  dates,  conditional 
dispersed  nickel  can  be  obtained  in  the  range  of  ion 
concentrations  of  metal  0,1...  0,8  mol/1  and 

pH  =  4...  10  in  the  presence  of  buffer  additive  - 
ammonium  salt.  Electrolysis  in  the  potentiostatic 
regime  during  a  constant  circulation  of  electrolyte 
is  most  technologically  effective.  On  the  base  of 
nickel  leaching  process  according  to  [1], 
technological  cycle  was  proposed  by  following 
scheme:  the  leaching  of  metal  -»  the  cathodic 
precipitation  of  dispersed  powder  -»  the  leaching 
of  metal  with  step-by-step  correction  of  the 
solutions  for  operations  and  their  number.  The 
concentration  of  metal  in  the  electrolyte, 
temperature  and  voltage  in  the  electrolyzer  (or 
cathodic  current  density)  are  the  basic  parameters, 
which  substantially  influence  on  the 
electrochemical  deposition  of  conditional  dispersed 
nickel.  The  values  indicated  and  the  fundamental 
characteristics  of  nickel  powder  (dispersivity, 
granulometric  composition,  bulk  density)  are 
interrelated.  They  are  amenable  to  the 
mathematical  simulation  and  must  take  account 
into  automatization  of  the  separate  stages  of 
technological  process.  The  given  technological 
cycle  of  dispersed  nickel  powder  obtaining,  during 
the  electrolysis  with  the  insoluble  anodes,  gives  the 


possibility  to  use  the  nickel -containing  solutions, 
which  are  formed  during  processing  of  spent 
catalysts,  electrolytes  of  nickel  plating,  electrodes 
of  storage  batteries,  etc.  To  fig.l  is  given  the 
morphology  of  the  nickel  powder,  received  from 
recoverable  raw  materials. 

2.  Cementation  on  magnesium  under  the 
conditions  of  metal  powder  precipitating  with  of 
high  dispersivity  is  studied.  The  very  low  value  of 
the  standard  electrode  potential  of  magnesium 
(E°Mg2+/Mg  =  -2,363  V  )  leads  to  the  high  values  of 
current  density  on  the  micro-cathodes  during  the 
cementation.  This  favorably  influences 
completeness  of  the  deposition  of  metals  [2]  and 
obtaining  the  highly  dispersed  powders  of  the  quite 
a  number  of  metals.  It  is  shown  based  on  the 
example  of  electronegative  (zinc,  cadmium,  nickel, 
cobalt,  lead)  and  electropositive  (copper,  silver, 
platinum)  metals  that  the  dispersivity  of  powders 
strongly  depends  on  nature  of  the  precipitated 
metal.  Its  most  significant  characteristics  are  next: 
the  value  of  standard  electrode  potential, 
overvoltage  of  its  cathodic  isolation  and 
overvoltage  of  the  isolation  of  hydrogen  on  its 
surface.  The  following  regularity  is  revealed:  the 
higher  the  cathodic  overvoltage  of  the  metal 
isolation  and  the  lower  the  overvoltage  of  the 
electrochemical  hydrogen  isolation  on  its  surface, 
the  higher  the  dispersivity  of  precipitated  of  metal 
powder  during  the  cementation  by  magnesium. 
The  magnitudes  of  these  two  values  can  have  more 
essential  influence  than  the  magnitude  of  standard 
electrode  potential.  Thus,  during  the  cementation 
by  magnesium  of  cadmium 

(E°cd2+/cd  =  -0,4029V)  on  surface  of  which  the 
overvoltage  value  of  the  hydrogen  isolation  very 
high,  dispersed  powders  precipitate  out  only  for  the 
low  concentrations  of  metal  ions.  Cobalt  and 
nickel,  are  distinguished  little  from  cadmium  by 
magnitude  of  the  standard  electrode  potential 

values,  (E°co2+ /Co  = -0,277V; 

E°Ni2+  /Ni  =  -0,25V) ,  but  these  metals  characterized 
by  high  overvoltage  of  cathodic  isolation  and  the 
very  low  overvoltage  of  hydrogen  isolation  on 
their  surface.  In  this  case  powders  with  the  high 
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dispersivity  precipitate  out  even  from  the 
concentrated  solutions  of  metals  salts.  With  an 
increase  in  the  values  of  standard  electrode 
potential  the  tendency  toward  an  increase  in  the 
dispersivity  of  the  precipitated  metal  powder  under 
other  identical  characteristics  of  metal  and 
conditions  of  cementation  is  observed. 

3.  Obtaining  the  bimetallic  powders  of  metals  is 
studied  on  the  systems  Cu-Ag,  Ag-Cd,  Ag-Ni,  C- 
Ni,  W-Ni.  The  possibility  of  obtaining  the  uniform 
electrochemical  coatings  with  the  high  adhesion  is 
shown.  In  this  case  it  is  noted,  that  the  last 
parameter  favorably  influences  the  ultrasonic  field. 
To  fig.l  is  given  the  morphology  of  the  nickel- 
plated  powder  of  tungsten. 

High  adhesion  to  the  base  metal  permits 
implementation  of  chemical  modification  of 
coatings.  Thus,  during  the  heating  in  air  of 
bimetallic  powder  Ag-Cd  occurs  the  surface 
oxidation  of  cadmium  with  the  formation  of 
system  Ag-CdO  with  good  adhesion  phase 
boundaries.  Thus,  the  electrochemical  coating  of 
dispersed  powders  can  be  used  for  obtaining  the 
compositions  with  the  nonmetallic  components. 


Fig.l.  Morphology  monometallic  powders  Ni-W  (a,b) 
and  bimetallic  powder  W-Ni  (c,  d)  received  from 
recoverable  raw  materials 


Obtaining  bimetallic  dispersed  powders  was  based 
on  maximum  by  the  use  of  second  raw  material  so, 
as  raw  material  for  the  dispersal  system  W-Ni 
served  the  tungsten-bearing  raw  materials  of 
electric-lamp  production  (for  obtaining  the 
dispersed  tungsten)  and  the  second  nickel- 
containing  raw  material  (for  obtaining  anodic 
nickel). 

4.  Obtaining  bimetallic  powders  by  cementation  is 
in  detail  studied  on  the  system  Cu-Ag  It  is  shown 
that  the  morphology  of  copper  powder  changes  in 
the  process  of  the  deposition  of  silver  and  the 
greater  it  is,  the  higher  the  content  of  the  second 
component.  The  uniformity  of  coating  strongly 
depends  on  nature  of  electrolyte.  Thus,  in  the 
complex  electrolytes  it  is  considerably  higher  than 
in  the  simple.  On  the  base  of  the  powders  Cu-Ag, 
analysis  it  is  noted  that  the  cementation  is  effective 
in  obtaining  of  dispersed  bimetallic  systems  with 
the  small  content  of  the  second  component. 

5.  It  is  shown  that  during  the  electrolysis  of  salts  of 
the  row  of  d-metals  in  the  aprotic  solvents  (DMFA, 
DM  A  A,  DMSO)  the  tendency  toward  the  cathodic 
precipitation  of  dispersed  powders  even  at  the  low 
current  densities  is  observed.  It  is  noted,  that  high 
tendency  toward  the  adsorption  of  the  metal: 
increased  of  cathodic  polarization;  contributes  to 
the  formation  of  new  crystal  nuclei,  which  leads  to 
an  increase  in  the  dispersivity  of  the  precipitated 
metal  powder;  stabilized  highly  dispersed  powders. 
Based  on  the  example  of  the  cathodic  precipitation 
of  nickel  and  cobalt  is  shown  the  possibility  of 
obtaining  by  the  ultra-  dispersed  powders  with  the 
high  current  efficiency.  Dendrites  growth  on  the 
surface  of  cathode  during  the  electrolysis  in  the 
aprotic  solvents  has  local  nature  in  comparison 
with  the  frontal  in  the  aqueous  solutions.  Therefore 
to  initial  process  of  electrolysis  with  the  formation 
of  the  crystallization  centers  significant  influence 
has  nature  and  state  of  cathodic  surface.  The 
distinctive  special  feature  of  the  medium  of  aprotic 
solvents  is  also  the  absence  of  the  hydrogen 
absorption  of  metal  powder  during  their  cathodic 
precipitation. 
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DEVELOPMENT  OF  TECHNOLOGY  OF  COHESION  OF  METALLIC 
DENTAL  BODY  WITH  POLYMERS  AND  CERAMICS 

Besov  A.V. 

National  Technical  University  of  Ukraine  “KPI”,  Kiev,  Ukraine 


In  orthopedic  stomatology  a  great  attention  is 
being  given  issues  related  to  the  mechanism  of  a 
facing  cover  cohesion  with  metallic  body  of  a 
crown  due  to  the  wide  application  of  polymer- 
metallic  dentures.  Cohesion  strength  of  crown’s 
metal  achieved  with  a  polymer  facing  material 
when  traditional  methods  of  denture  mounting 
have  been  used  often  does  not  meet  proposed 
requirements  [1],  Moreover,  the  large  thickness  of 
traditional  metal-polymer  and  metal-ceramic 
covers  that  is  on  order  of  1.5-2  mm  makes  dental 
orthopedist  to  prepare  significant  volume  of  hard 
tissue  of  a  tooth,  which  is  undesirable  from  medic 
point  of  view. 

As  conversion  processes  as  well  as  integration  of 
various  branches  of  science  develop,  new 
technologies,  namely,  the  plasma  spraying  among 
them,  have  been  employed  for  solving  urgent 
medical  issues,  for  instance,  in  orthopedic 
stomatology.  The  plasma  spraying  method 
showing  practically  unlimited  possibilities  allows 
depositing  high-quality  covers  of  different 
materials  regardless  shape  and  dimensions  of  an 
object  to  be  sprayed  on.  Nowadays,  there  is  a 
great  demand  in  manufacturing  of  high-quality 
dentures  that  is  due  to  tends  in  patient’s  welfare 
and  culture  level  growth.  This  put  higher 
requirements  on  esthetics  and  reliability  of  both 
temporary  and  fixed  dentures.  Employing  of  this 
method  permits  us  to  make  significant 
contribution  to  development  of  modem  orthopedic 
stomatology. 

The  present  work  is  devoted  to  development  and 
implementation  of  a  plasma  technology  for 
retension  covers  to  be  sprayed  on  permanent 
denture’s  constructions  made  of  metal  (crowns 
and  bridge-like  dentures)  which  is  followed  by 
facing  with  polymers  or  ceramics.  Finishing  off  of 
spraying  modes  in  dependence  on  current  of 
plasmatron,  range  of  spraying  and  dispersity  of 
powders  used  was  carried  out  on  a  handy  plasma 
unit  electrically  supplied  from  the  ordinary  main. 
Optimal  spraying  modes  allowed  depositing 
covers  of  nickel-aluminum,  nickromium,  stainless 
steel  and  titanium  on  different  substrates  [2],  The 
covers  were  up  to  50-200  mkm  thick. 


Bonding  of  a  sprayed  cover  with  a  substrate,  for 
example,  metallic  body  of  a  fixed  denture  was 
realized  due  to  mechanical  adhesion  of  sprayed 
material  particles  with  unevenness  of  the  surface 
of  a  denture.  The  surface  was  previously  treated  in 
a  stream  of  sand.  Besides  it,  diffusion  of 
components  into  a  material  of  the  substrate  as  well 
as  alloying  and  chemical  interaction  of 
conjugating  materials  also  appears  to  play  a  great 
role  for  cohesion.  It  results  in  formation  of  a 
plasma  sprayed  cover  with  characteristics  and 
properties  determined  by  conditions  of  the 
spraying  process  on  a  body-substrate.  Plasma 
spraying  is  performed  on  both  single  stamped  and 
cast  crowns  and  solder  and  cast  bridge-like 
dentures  or  different  parts  of  their  surface.  To 
suppress  color  of  crown’s  metallic  body  it  also 
possible  to  carry  out  depositing  of  oxide  ceramic 
covers,  for  instance,  aluminum,  zirconium,  and 
yttrium.  Materials  such  as  polymers,  photo 
composites,  various  kinds  of  porcelain  and  sitals 
are  used  for  a  body  facing  with  plasma  sprayed 
retention  covers. 

Analysis  of  the  cohesion  mechanism  of  plasma 
sprayed  covers  with  facing  materials  was  made 
using  results  of  electron  microscopic 
investigations  on  cover  structure  and  conjugated 
areas.  Characteristics  on  strength  of  covers  were 
obtained  for  test-samples  by  studying  their 
bending  and  tension  properties.  Thus,  significant 
growth  of  the  surface  area  under  plasma  spraying 
conditions  facilitates  to  improve  cohesion  of  a 
facing  cover  with  a  retention  layer  of  micro 
pearls.  Strength  of  cohesion  in  samples  was 
measured  by  the  normal  detachment  method. 
Results  of  tests  have  shown  that  the  usage  of 
plasma  sprayed  retention  layers  of  micro  pearls 
increases  strength  of  cohesion  3-5  times  in 
comparison  with  traditional  methods  [3,4], 
Fabricated  dental  crowns  with  plasma  sprayed 
covers  were  investigated  on  resistance  to 
affections  of  destructive  loads.  The  value  of 
destructive  pressure  was  measured  using  ZIP  R- 
0,5  device  and  a  hydraulic  following  convenient 
methods.  Tests  showed  crowns  remained  stable 
under  load  ranging  from  6  to  260  kg  that  exceeds 
the  required  Denis’s  chewing  efforts  value  [5]. 


351 


III.  SPECIFIC  TECHNOLOGIES 


New  technology  of  manufacturing  of  both  fixed 
and  temporary  dentures  based  on  the  plasma 
spraying  of  retention  covers  of  various 
stomatologic  materials  (metals,  alloys  and 
ceramics)  was  developed.  Technological 
investigations  of  the  plasma  spraying  process  and 
its  further  optimization  in  purpose  to  apply  for 
different  stomatological  items  were  carried  out. 
Physical-mechanical  properties  of  plasma  sprayed 
covers  were  investigated.  It  was  shown  that  the 
technology  developed  provides  tighter  cohesion  of 
plasma  covers  with  material  s  of  a  body  as  well  as 
facing  covers. 
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K  Bonpocy  O  riPOH3BOACTBE  nOJiynPOBOAHHKOBOrO  KPEMHHfl: 
AHAJIH3  OTXO/JOB  H  BAPHAHTbl  HX  ITEPEPAEOTKH 

DK.HXajiHeBa1,  H.B.CTenaHeiiKO2,  O.H.EonaapyK1 

1  -  yn  «Mhhckhh  HHH  pa3HOMaTepHaaoB» 

2  -  BejiopyccKHH  rocyaapcxBeHKtm  yinmepcHTex  HHtJjopMaxHKH  h  pa3H033eKxpoHHi<H 


Ha  nepBOM  Me>K3ynapo3HOM  nayHiio- 
TexHHqecKOM  ceMHHape  b  HoBonojTOUKe  b  Mae 
2000  r.  Obura  npe^cTaBJicubi  xexHHKO-3KOHO- 
MiwecKne  npe^noctiJiKH  C033anHa  b  Pecny6- 
jiHKe  Bejiapycb  np0H3B03CTBa  nojiynpoBOA- 
HHKOBoro  KpeMHHa  h  nepBbie  pe3yjii>xan>i 
aHaJiHsa  aneprexHKH  ox/ieiibHbix  xexHonora- 
necKHX  nponeccoB  [1,2]. 

B  xeneHHe  1999-2001  nr.  Mhhckhm  HHH 
pa^HOMaxepnajioB,  EenopyccKHM  rocy^apcx- 
BeHHBiM  ynHBepcHxexoM  HH(])opMaxHKn  h  pa- 
3H03JieKXp0HHKH  (BrYHP)  H  HOBOKOJIOmCHM 
3aBoaoM  «H3MepHxejib»  b  paMKax  npoexxa 
«Pa3pa6oxaxb  xexHOJiormo  np0H3B03CXBa  rio- 
JiynpOBOflHHKOBOrO  KpeMHIlH  H3  noOoHHoro 
ripoAVKxa  nepepaOoxKH  anaxuxoB  roMejibCKO- 
ro  xiiMHHCCKoro  3aBoaa»  6 bum  npoBe^eiibi 
yKpynHeHHbie  JiaOopaxopHbie  ncnbixaHHa 
xexHOJiorHH  nonyneHHa  nojinKpHcxaruiHue- 
CKoro  KpeMHHx  (mCK). 

B  ocHOBy  xexHOJiorHH  noayneHHa  nKK 
nonoxceHa  peaiciiHa  xepMH'-iecKoro  pa3Jioace- 
mia  KpeMiietpropHna  naxpna  (Na2SiF6)  c  no- 
jiyueimeM  ra30o6pa3Horo  xexpa^xopH/ia 
KpeMHHB  (SiF4)  [3],  BoeexaHaBjiHBaeMoro  3a- 
xeM  30  MOHOCHJiaHa  (SiH4)  h  nKK. 

TexHOJioixraecKaa  cxeMa  noayneHHa  xpeM- 
HH5i  BKJUOHaeT  cjieayrouiHC  ocuoBiibie  cxaaiiH: 

Cmadm  1  -  xepMKuecKoe  pasnoxenHe 
xpeMHe(propH3a  Haxpna  (KOH): 
oxxoji  -  XBepztbiH  npoayxx  TepMHnecxoro 
pa3jio>KeHHH  KOH,  npe3cxaBJieHHbiH  4>xopn- 
flOM  Haxpna,  ocxaxxaMH  Hepa3305KHBineroca 
KOH  h  npHMecaMH,  co3ep)xaBmHMHca  b  hc- 
X03HOM  Cbipbe.  ToflOBOH  o6bCM  OXXOflOB  co- 
cxaBJiaex  1800  t  H3  pacuexa  npennojiaraeMoii 
iipon3BOj(HxejibHocrii  npoH3BO.xcxBa  nKK  - 
500  x  b  rofl. 

Cmadm  2  -  BOCcxaHOBJiemie  xexpat])xopH- 
3a  KpeMHHa  30  MOHOOHJiana: 

0TX03  -  c[)xopH3  KaJibiina,  oipaSoTaunbiH 
ruiae  3BxxexxHHecxoH  cMecn  LiCl  +  KC1  c 


BxaioHeHHeM  He  BCxynHBiuero  b  peaxpHio  H3- 
Gbixxa  rH3pH.ua  xanbiiHa.  Fo30boh  bbixo3  ox- 
paOoxaHHoro  njiasa  okojio  5000  t. 

Cmadm  3  -  noayneHHe  nKK: 
oxxo3  -  B030p03  c  npiiMecwo  nenpopeanipo- 
BaBinero  MOHOCHJiaHa.  Fo30boh  o6beM  oxxo- 
3OB-880  XbIC.M3. 

AHa3H3  SajiancoBOH  TexHoaorHnecxoH 
cxeMbi  noKa3biBaex,  ixo  KOJiHHecxBO  xBepnbix 
OXX030B,  Koxopbie  6y3yx  o6pa30BbiBaxbca  Ha 
3aB03e  npn  pea3H3aiiHH  yxa3aHHOH  xexuoao- 
THH  C  3a3aHHOH  np0H3B03HXeJIbI10CXbI0  500  x 
nKK  b  ro3,  cocxaBJiaex  okojio  7  xbic.x  b  ro3, 
KOJiHHecxBO  ra30o6pa3Hbix  0XX030B  —  oko.xo 
1  mjih.m3.  npn  3XOM  bo  Bcex  oxxo3ax  npncyx- 
cxByiox  (JjxopHcxbie  coe3HHeHHa  [4] . 

flpn  pa3pa6oxKe  toh  hhh  hhoh  xexHonoraH 
yqHXbiBaioxca  b  nepByio  ouepesb  axonoMHHe- 
CKHH  H  SKOJIOrHHeCKHH  (J)aKXOpbl. 

Kax  noKa3MBaex  npe3BapHxejibHbin  axo- 
homhhccxhh  aHa3H3  [1],  npe33araeMaa  xex- 
HOJiOT'Ha  no3B03HX  HOJiyHHXb  nKK  no  nene 
17  30JU1.CIHA  3a  1  xr  BMecxo  50  303JI.CIH A 
no  xpa3HHH0HH0H  xexHOJiorHH.  TaKofi  axo- 
HOMiinecKHH  3<J)4>eKX  aBJiaexca  cxHMyjioM  3Jia 
noncKa  nyxen  pemeHHa  conyxcxByiomHX 
npoOjieM,  BKinonaa  sKonornnecKyio. 

OxopHCXbie  coe3HHeHHa  oxnocaxca  k  1-2  h 
3  Kaaccy  onacHocxH  no  TOCT  12.1.005.  Han- 
6ojibmen  xoKCHHHOCxbio  oSaanaex  (Jjxopn- 
cxbiH  B030P03.  ToKCHuecKoc  neficxBHe  xex- 
pad)xopH3a  xpeMHHa  h  KpeMiiecjjxopHcroBO- 
30p03H0H  KHCJioxbi  BbipaaceHO  cJiaOee.  J\ji a 
KOH  n/JK  b  B033yxe  paooneH  30hh  b  nepe- 
cneTe  Ha  (prop  cocxaBaaex  0,005  Mr/M  [3]. 

npH  peajiH3anHH  npennaraeMOH  xexnojio- 
thh  Bee  ra30Bbie  h  >KH3KHe  0XX03BI  3o;racHbi 
no3Bepraxbca  onHcxKe  ox  (Jixopa  30  30cxH>Ke- 
HHa  cooxBexcxByioniHx  caHHxapHbix  HopM. 
TBep3bie  0TX03BI  30ji>khbi  6bixb  HeHTpa3H3o- 
BaHbi  30  6e3onacHoro  cocxoaHHa  3h6o  nepe- 
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paSoraHH  b  npoAyKHHio  HapoAHoxo3ancTBeH- 
Horo  Ha3HaneHHH. 

HanGonee  nepcnerraBHOH  b  njiane  skojio- 
THH  H  3KOHOMHKH  BblTAAAHT  TeXHOAOTHA  C 
3aMKHyTbIM  UHKJIOM. 

Uejibio  HacTOAmen  pa6oTbi  hbhjiocb  hc- 
cjieaoBaHHe  npoGneMbi  otxoaob  npejjnona- 
raeMoro  npoH3BOACTBa  nKK,  yciaHOBJieHHe 
hx  HCTHHHoro  cocTaBa  h  npoBe^eHHe  npeziBa- 
pHTeJIbHBIX  H3bICKaHHH  no  B03M0)KHbIM  Ha- 
npaBjieHHHM  hx  nepepaooTKH  h  Hcnojib30Ba- 

HHA. 

MeTO^HKa  3KCnepHM6HTOB 

HccneflOBaHHa  npoBOAHAHCb  Ha  o6pa3nax 
otxoaob,  nojiyneHHbix  Ha  Hobohoaohkom  3a- 
Bo^e  «H3MepHTejib»  npH  npoBejieHHH  yxpyn- 
HeHHbix  Jia6opaTopnbix  HcnbrraHHH  Texuojio- 
thh  nojiyneHHH  riKK.  UpoGbi  npeziBapHTejib- 
HO  H3MejibHajiH  h  ycpeAHAAH.  H3yneHHe  $a- 
30Boro  XHMHHecKoro  cocTaBa  npoBOAnnn  Ha 
peHTreHOBCKOM  AH<J)paKTOMeTpe  /JPOH-4-13 
(Co-H3JiyHeHHe  C  Acene3HbIM  (|)HJIbTpOM),  KO- 
JiHHeciBeHHbiH  3JieMeHTHbiH  cocTaB  onpene- 
aajih  Ha  aTOMHo-a6cop6uHOHHOM  cneKTpo- 
MeTpe  Spectr  AA  250  (JmpMbi  Varian.  CoAep- 
)KaHHe  rHApH^a  KanbHHA  onpeAenajiH  oGpaT- 

HblM  THTpOB3HHeM  COJIAHOH  KHCJIOTOH. 

riocjie  yTOHHeHHa  cocraBa  otxoaob  npoBO- 
AHJiHCb  SKcnepHMenTbi  no  hx  nepepa6oTKe  ao 
TOBapHOH  npOAyKHHH. 

Pe3yjibTaTbi  3KcnepHMeHT0B 

B  TaOnHne  npHBeAeHbi  pe3yAbTaTbi  aHaAH- 
3a  ycpeAHeHHbix  npo6  otxoaob  h  cociaB  npo- 
AyKTOB,  noAyHeHHbix  npn  hx  nepepa6oTKe. 

06cyn<AeHHe  pe3yAbTaTOB 

Pe3yAbTaibi  npoBeAeHHbix  HccjieAOBanHH 
noKa3ariH,  hto: 

1.  HccneAyeMbie  o6pa3Hbi  otxoaob  npeA- 
nojiaraeMOH  TexHOJiorHH  nonyHeHHa  nKK 
npeACTaBHHiOT  coGoh  TexHHnecKHe  CMecn  Bbi- 
COKOTOKCHHeCKHX  npOAyKTOB,  OTHOCAIAHeCA 

no  TOCT  12.1.005  ko  2  h  3  KAaccy  onacHocra 
h  noAJie>KamHe  HeHTpajiroanHH. 


2.  no  npeAAoxceHHOMy  MeTOAy  KapGoHH- 
3apHH  (o6pa60TKa  TOpAHHM  COAOBbIM  paCTBO- 
pOM)  OTXOAbI  OT  TepMHHeCKOTO  pa3JIOaceHHH 
KOI!  GbuiH  nepepa6oTaHbi  ao  ^TopHAa  Ha- 
Tpna  KBaiiH(|)HKaHHH  H.A.a.  no  TOCT  4463. 
OGnacTH  Hcnojib30BaHHH  NaF  —  npoH3BOACT- 
BO  aHTHCenTHKOB,  aJHOMHHHA,  (|)TOpHpOBaH- 
hwx  nene6Ho-npo<J)HnaKTHHecKHx  npOAyKTOB 
AAA  Hap0AH0-X03AHCTBeHH0r0  nOTpeOACHHA 
(3y6nbix  riacT,  dhtbcboh  h  MHHepajiH30BaH- 
hoh  boabi)  h  AP-,  b  tom  HHcne  b  KanecTBe 
copSeiiTOB  ra30o6pa3Hbix  (JjTopcoAepxcaiHHx 
npOAyKTOB  b  paccMaTpHBaeMOH  tcxhoaothh 
nKK. 

3.  06pa6oTKa  otxoaob  ot  BOCCTaHOBAeHHa 
TeTpa(j)TopHAa  KpeMHHa  ao  MOHocHiiana  ropa- 
nefi  boaoh  no3BOAHjia  bbiacahtb  H3  OTpaGo- 
TaHHoro  unaBa  b  pacTBop  xaophabi  ahtha  h 
KanHH,  KOTopue  6yAyT  B03BpatneHbi  Ha  cxa- 
AHK)  BoccTaHOBJieHHH  KpeMHHA  nocae  HeKO- 
Topoft  nepepa6oTKH.  Tbcpabih  otxoa,  npeA- 
CTaBAAIOmHH  COGOH  THApOOKCHA  KaJIbHHA  H 
(j)TopHA  KajibHHa,  nepepaGaTMBaAH  mctoaom 
THApo4)a3HOro  4>TOpHpOBaHHA  AO  <j)TOpHAa 
KajibHHA.  OSnacTb  HcnoAb30BaHHA  CaF2  - 
npOH3BOACTBO  nJiaBHKOBOH  KHCJIOTbl  H  (JrTO- 
pHAa  aMMOHHA,  H3TOTOBJieHHe  cneuHanbHbix 
OnTHHeCKHX  H3A6AHH  AHA  MHKpOSAeKTpOHHKH 
h  Ap.  Eoabihoh  HHTepec  k  MaTepnajiy  kak  k 
3aMeHHTejno  (Jjjikdophtoboto  KonpeHTpaTa  aha 
CBapOHHbIX  pa60T  HpOABHAH  npOH3BOAHTeAH 
sneKTpoAOB  aaa  CBaponHbix  paGoT.  npeABa- 
pHTenbHbie  HcnbiTaHHA  MaTepnajia  b  cocTaBe 
(Jjaiocob,  HcnoAb3yeMbix  b  KanecTBe  3auiHTHO- 
ro  noKpbiTHA  sneKTpoAOB,  noKa3ajiH  Gonbrnne 
nepcneKTHBbi  Hcnonb30BaHHA  otxoaob  b  aah- 
hom  np0H3B0ACTBe.  06beM  noTpeGneHHA  aha 
cxpan  CHr,  BKmonaa  Pocchio,  Eenapycb  h 
Ynpanny,  coctabjiact  okojio  1, 5-2,0  tmc.t., 
HTO  nOATBepACAaeT  B03M0)KH0CTb  nOJTHOH 
yTHAH3aHHH  OTXOAOB  npOH3BOACTBa  nKK  H3 

K(DH. 

PaGoTa  Bbinojinena  npH  coaohctbhh  npo- 
rpaMMbi  PIATO  «Hayxa  aaa  MHpa». 


354 


III.  SPECIFIC  TECHNOLOGIES 


CocTaBBi  otxoaob  npennonaraeMoro  npoH3BoncTBa  IIKK. 


Pe3ynBTaTbi  3KcnepHMeHxa  h  cocTaBBi  nponyKTOB,  nojiyqeHHBix  npn  nepepa6oTKe  otxohob 


CTa ana  npopecca 

XapaKTepHCTHKa  npoSbi 

- J -  X 

CocTaB,  % 

npHMenaHHe 

1 .  Otxohbi  ox  xepMHne- 
CKoro  pa3Jio>KeiiH5i  K<DH 

HeoHHopo^HbiH  cneK 
ceporo  HBeTa  c  BK.xfone- 
HHaMH  6ejioro  HBexa 

Na2SiF6-  15,7 

NaF  -  84,4 

Si02  -  0,4 

2.  OTXOflBI  OT  Boccxa- 
HOBJieHHa  Texpa(J)TopH- 
M  KpeMHM  flO  MOHO- 

cHJiaHa 

IIjiaB  3BTeKTHHeCKOH  CMe- 
ch  LiCl-KCl,  conep>Ka- 

TTTHH  CaF2  H  CaH2  B  BHfle 

npocnoeK  Oe.xoro  HBeTa 

LiCl,  KC1  -32,0 
CaF2  -  26,0 

CaH2  -  42,0 

IIpo6a  c  npenejiBHBiM 

coHepaoHneM  CaH2 

3.  npO^yKT  Kap60HH3a- 
HHH  OTXOHOB  CXa/tHH  1 

OflHOpOHHbffl  nOpOHIOK 
cBeTJio-ceporo  HBeTa 

NaF  -  99,7 

Si02  -  0,3 

CooTBeTCTByeT 

TOCT  4463 

4.  ripo^yKT  rnflpaxanHH 
oxxofla  co  cxa^HH  2  xex- 
HOJiorHH  IIKK 

CepBift  ohhopohhbih  no- 

pOHIOK 

Ca(OH)2  -  74,0 
CaF2  -  26,0 

Bbixoh  cyxoro  co- 
CTaBJiaeT  26  %  ot 
hcxohhoxo  CBipxa 

5.  UponyKT  rHnpoc}ja3- 
Horo  (jDxopnpoBaHHa 
oxxofla  co  cxaflHH  2  (no- 
cjie  npeflBapHTeiiBHOH 
ranpaxanKH) 

CepBiil  ohhopohhbih  no- 

poniOK 

CaF2  -  90,8 

A1F3  -  1,74 

Ba  F2  -  0,01 

Pb  F2  -  0,02 

Fe  F3  -  6,1 

Co  F2  -  0,02  ■' 

Cr  F3  -  0,46 

Mg  F2- 0,14 

Mn  F2  -  0,07 

Ni  F2  -  0,63 

B  nponyKxe conep- 
)KaTca  npHMecH  ot 
Koppo3HH  MaTepnajia 
oGopyflOBaHHa  ycTa- 

HOBKH.  rHHpo4)a3HOe 

(|)TopHpoBaHHe  npo- 
BOHHJIH  Ha  (|)Topo- 
nnacTOBOM  oSopyno- 
BaHHH 

6.  OtXOH  KpeMH6(|)TOpH- 
CTOBOHOpOflHOH  KHCJIO- 

xbi  (cxa^na  nojiyneHna 
KOH) 

Bohhbih  paCTBOp 

H2SiF6  -  12,8 

HF  -  1,5 

7.  IIpoayKX  HeftxpajiH- 
3aHHH  oxxofla  KOH 

H3BeCXBIO 

BejiBin  nopomoK 

CaF2  -  97,5 

Si02  -  2,5 

CooTBeTCTByeT 

TOCT  4421 
KoHHempaT  njiaBH- 
koboto  rnnaTa  HJia 
CBapoHHbix  pa6oT 

MapKH  <DKC-95A 

JlHTepaTypa 

1.  BacnneBHH  B.n,  BaciOKOB  A.B.,  Kotob 
JJ.A.,  CTenaHemco  H.B.,  CTenaneHKO  B.H. 
TeXHHKO-SKOHOMHHeCKHe  npe^nOCBIJIKH  C03- 

^aHM  b  PecnySjfflKe  Eenapycb  npoH3BOHCTBa 
nojiynpoBOflHHKOBoro  KpeMHHS  //  CoBpeMeH- 
HBie  npoSjieMbi  npoeKTHpoBairaa  h  npoH3BO„T- 
cTBa  paAHoaJieKxpoHHBix  cpeacTB:  MaTepaa- 
jibi  Me>K/iyHapojiHoro  HaynHO-TexHunecKoro 
ceMHHapa.  -  Hoboiiojioipc:  HTY,  2000.  - 
C. 42-45. 

2.  riojMHeHOK  O.r.,  CxenaHeHKO  B.H.,  Bacio- 
kob  A.B.,  BapaHKOBa  H.B.,  RyipmK  r.IL, 
CxenaHeHKO  H:B.  BHeprexHKa  HeKOTOpBix 


npopeccoB  nonyqeHHa  KpeMHua  H3  cjyropco- 
aep'/Kamero  CBipna  //  TaM  ace  -  C. 92-95. 

3.  3aiineB  B.A.,  Hobhkob  A.A.,  Pohhh  B.H. 

ripOH3BO/i;CXBO  (|)TOpHCXBIX  COeflHHeHHH  npH 
nepepaOoxKe  (jjoc^axHoro  CBipxa.  -  M.:  Xh- 
mhh.  1982.  -246  c. 

4.  TajineBa  3K.H.,  CxenaHeHKO  H.B.,  EoHna- 
pyK  O.H.  K  Bonpocy  o  npoH3BOjjcxBe  nony- 
npoBO^HHKOBoro  KpeMHHa:  aHajiH3  otxohob  h 
BapnaHTbi  hx  nepepaSoxKH  //  IIpo6jieMBi  npo- 
eKXHpoBaima  h  npoH3BOflCTBa  paflHoaneK- 
tpohhbix  cpeacTB:  MaxepHajiBi  II  MexcnyHa- 
pOflHOH  HayHHO-TeXHHHeCKOH  KOII^epeHHHH. 

-  HoBononoHic  nry,  2002.  -  T.l.  -  C. 45-50. 


355 


NOTES 


